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Over the past decades neonatal intensive care has improved remarkably. Where initially 
survival was the primary concern, mortality rates have decreased substantially. Long term 
neurodevelopmental outcome emerged as an important outcome parameter in neonatal 
intensive care. Insight in pathophysiology of morbidity in preterm and term infants 
improved over the years, and makes us understand why complications or adverse events 
occur. These insights might provide tools to intervene and prevent these adverse effects 
and thereby improve long term outcome.
Neuro-ontogenesis
Throughout gestation the brain develops rapidly. The first cortical layer formed is the 
preplate, the later subplate. The subplate is a transient layer, which contains many synapses. 
This plate forms the precursor of later, more enduring connections for the thalamocortical 
neurons. In weeks 26 to 28 a peak in transfer of afferent synaptic connections from the 
subplate to the cortical plate occurs.1 
Proliferation of neurons continues to midgestation and maturation continues till the end 
of gestation.2 
At 20 weeks most of the cortical surface is smooth and only the Sylvian fissure is present. 
From 20 weeks to 40 weeks gyration takes place with formation of primary, secondary and 
tertiary gyri and sulci. Brain volume increases linearly from 20 weeks gestation to term.3 
In this second half of gestation also synaptogenesis and dendritic arborization takes place 
and continues till after birth. The cortical plate is thickening in the third trimester. Axonal 
outgrowth to and from the cortex occurs during the second half of pregnancy as well and 
this process continues throughout infancy. Cortical layers are being formed between 24 to 
34 weeks of gestation, each layer with its own specific type of neurons and connectivity.1 
The synaptogenesis starts earlier in the deeper layers than in more superficial layers, and 
is suggested to begin earlier in primary motor areas and later in anterior regions, such as 
the prefrontal cortex.
Microglia, oligodendrocytes, and astrocytes fulfill an important role in the development of 
white matter. These glial components support important functions for neurons in terms of 
supporting neuronal migration and modulation of synaptic connections. During gestation 
premyelinating oligodendrocytes are present in the developing cortex. Between 20 and 28 
weeks of gestation myelin can be detected in the following order: first in the brainstem, 
capsula interna and after birth increasingly in the subcortical and cortical regions.1 However, 
the majority of the white matter at 29 weeks of gestation is unmyelinated. After 36 weeks 




the myelin plays an important role in cerebral networking and control and modulation 
of the motor system.2 As a consequence white matter injury has a major impact on long 
term neurodevelopmental outcome.
Cerebellar development starts early in gestation and continues during the first 20 months of 
life. A rapid growth of the cerebellum occurs between 24 to 40 weeks of gestation. During 
this period the cerebellar volume increases 5 fold, and foliation grows exponentially. This 
combination of events results in an 30-fold increase of cerebellar cortex surface.5 Also 
neuronal migration in the cerebellum is active during the premature period.6
Considering the enormous growth and organization of neurons in the fetal brain, 
unexpected events during birth or in the neonatal period, both in preterm and term born 
infants, may have detrimental effects on cognitive and motor development later in life. 
Term newborns
During the perinatal and postnatal period several risk factors for adverse events leading 
to brain injury can be identified. In term infants, one could think of peri- or postnatal 
infections, hypoglycemia, neonatal convulsions, perinatal asphyxia, persistent pulmonary 
hypertension due to meconium aspiration or other causes, and congenital abnormalities.
Perinatal asphyxia is one of the most important events leading to long term neurological 
sequelae in term newborns. During such events, oxygen delivery is compromised and 
thereby threatening the transition of the newborn at birth. Perinatal asphyxia occurs in 
1–2/1000 deliveries in the Netherlands and is associated with a high risk on mortality or poor 
neurodevelopmental outcome. Premyelinating oligodendrocytes are particular sensitive to 
perinatal hypoxia or ischemia, which may disrupt myelination.1 Studies have shown the effect 
of hypothermia after perinatal asphyxia. The effect of hypothermia is thought to influence 
secondary energy failure due to the release of cytokines and the production of free radicals, 
following the first perinatal hypoxic hit.7 Since 2008, mild therapeutic hypothermia has been 
introduced in the Netherlands to prevent brain damage. Therapeutic hypothermia initiated 
within six hours after the primary hit in newborns with moderate to severe hypoxic-ischemic 
encephalopathy decreases the combined outcome of mortality and severe neurodevelopmental 
delay with a number needed to treat of seven.8 Several studies have been performed, showing 
a better long term outcome for patients treated with therapeutic hypothermia at the age of 6 to 
7 years.9 However, only a few studies were performed in the Dutch population to investigate 
and confirm the short- and long term effects of therapeutic hypothermia in this population. 
Previous studies showed differences in neurodevelopmental outcome between the USA and 
the Dutch population using the Bayley Scales of Infant Development (BSID).10
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Several causes can lead to perinatal asphyxia. One of these causes is acute anaemia due 
to umbilical cord rupture or vasa praevia, resulting in blood loss of the newborn. Acute 
anaemia leads to acute problems in gas exchange, resulting in respiratory and/ or circulatory 
disturbances. These respiratory and circulatory disturbances may lead to hypoxia and 
encephalopathy. Limited data is available on imaging, both ultrasound imaging and 
magnetic resonance imaging, and long term outcome in severe acute anaemic newborns. 
Preterm newborns
Preterm birth itself is an important predictive risk factor for adverse neurodevelopmental 
outcome. Many other events during the neonatal period compromising development may 
occur. For example peri- or postnatal sepsis, necrotizing enterocolitis, metabolic problems 
like hypoglycemia, intracranial hemorrhage, and respiratory or circulatory insufficiency.
In preterm infants also the effect of adverse events leading to brain injury is slightly 
different, as these events occur during another stage of brain development in comparison 
to term infants. It is known that, due to the vulnerable vascularity in the preterm brain, 
these infants are at risk of intraventricular hemorrhage (IVH) and thus disturbing the 
migration of neurons from the germinal matrix.11 The risk of IVH is inversely related to 
gestational age and birth weight.12 IVH develops most frequently during the first week of 
life, with a peak incidence in the first three days of life. Infants with severe IVH clearly 
have an increased risk for neurodevelopmental outcome, especially if they develop post-
hemorrhagic hydrocephalus.13
White matter injury also plays a prominent role in the development of adverse neurode-
velopmental outcome. Preterm birth is associated with disruption of myelination.1 Pre-
oligodendrocytes predominate in the white matter throughout the high-risk period for 
white matter injury due to hypoxia-ischemia or inflammation.14 This inflammation may 
already be present prenatally due to intra-uterine infection. But also postnatal infections, 
both early- as late-onset, have been identified as a major factor in the development of 
white matter injury.15 Secondary to necrotic white matter injury, cortical and subcortical 
white matter may degenerate.14 For decades now, it is known that infants with a cystic 
periventricular leukomalacia (PVL) have a poor prognosis.16 Fortunately, the incidence 
of cystic PVL has reduced over the past decades, but has been replaced by more subtle 
white matter injury. In more recent studies more subtle damage in the white matter 
defined as punctate white matter lesions (PWML) has been evaluated. The extent of 





To detect brain abnormalities, diagnostics tools have been developed and can be used to 
predict long term outcome. The development of these diagnostic tools progresses quickly.
Cerebral Imaging
Cerebral ultrasonography has shown to be one of the most important diagnostic tools on 
the Neonatal Intensive Care Unit (NICU). Cerebral ultrasonography is one of the first 
imaging techniques used in neonatal care, and available bedside. It is an easy to use modality, 
which provides information on congenital or acquired brain injury, e.g. intraventricular 
hemorrhage, PVL of venous infarction.18 Cerebellar sonography is emerging as standard 
of care in neonatal intensive care units. Increasing amounts of data become available about 
the effects of cerebellar hemorrhage on long term outcome.19 
Imaging by ultrasonography improved over the years thanks to technological innovation, 
with increasing resolution of images. Studies have been published showing that changes in 
maturation of the deep gray matter can be detected over time.20 Thereby, neuroimaging is of 
great clinical importance in daily decision-making. It can be used to identify and evaluate 
the development of cerebral abnormalities over time, especially when the condition of the 
patient is instable for transportation to undergo more advanced imaging techniques like 
Magnetic Resonance Imaging.
Magnetic Resonance Imaging (MRI) is an advanced technique in cerebral imaging. MRI 
provides more detailed and specific images of the young brain and possible lesions, however, 
it is not available bedside. It provides more detailed information about hemorrhage and 
white matter injury. Previous studies have shown more subtle white matter injury like 
PWML that cannot be detected with cerebral ultrasound.17 This is important since this 
type of subtle damage has impact on long term outcome.  
More advanced MRI techniques as diffusion tensor imaging and volumetry have been 
successfully used to improve prediction of long term outcome. Cerebral volume measure-
ments and diffusor tensor imaging have been shown as promising techniques. Diffusion 
weighted imaging and spectroscopy are additionally valuable in term infants experiencing 
perinatal asphyxia,21 to identify regions in the brain with diffusion restriction indicating 
post-ischemic changes and increased lactate levels.
Neurophysiological modalities: EEG and aEEG
Neurophysiological modalities are being used as well. Electroencephalography (EEG) 
can provide information about cortical activity, and the presence of convulsive activity. 
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Especially the background pattern of EEG and whether or not an anomalous background 
pattern recovers over time, can be of predictive value for long term neurodevelopmental 
outcome. A 21-channel EEG provides information of the entire brain. However, specialized 
knowledge is needed for a correct interpretation of the recordings. In addition, the duration 
of the registration is normally up to one hour and in certain cases a longer period of 
registration is desirable.
Brain activity and possible convulsive activity can be monitored for a longer period of 
time by using amplitude integrated EEG monitoring (aEEG). This aEEG is a two-channel 
EEG, with biparietal electrodes. The signal is filtered, compressed in time and is displayed 
in a semi-logarithmic scale. An aEEG provides background patterns, which can be 
interpreted by pattern recognition, and is therefore very usable as a bedside technique. 
These background patterns can help to predict neurological prognosis.22, 23 In term infants 
the use of an EEG is widespread. In the past it was less frequently used in preterm infants, 
but nowadays more and more data become available, showing the applicability in this 
younger group.24, 25
Other modalities: Near Infrared Spectroscopy
Another modality to monitor neurophysiological parameters is Near Infrared Spectroscopy 
(NIRS). This bedside technique provides information about regional cerebral oxygen 
saturation (rScO2). This modality can provide an additional parameter in monitoring, 
e.g. by detecting changes in cerebral perfusion, which may prelude cerebral damage. It 
is suggested that cerebral hyperperfusion might procede the development of severe peri-
intraventricular haemorrhage.26 Reference values have been published for preterm infants in 
the first three days of life.27 NIRS is being used more extensively, also to monitor splanchnic 
oxygenation.28 It could be an auspicious modality in clinical monitoring with little impact 
on the newborn. Although NIRS monitoring is often used as part standard of care, the 
role of these results in clinical decision-making is still under debate.29
Neurodevelopmental outcome
As mentioned before, long term neurodevelopmental outcome is an important outcome 
parameter of neonatal intensive care. Several measurement tools are used to quantify this 
long term outcome.
In the first year of life the focus of neurodevelopment is mainly on gross motor development. 
One of the tools used to quantify gross motor development is the Alberta Infant Motor 




independent walking, sit and stand.30 Components tested in the AIMS are weight bearing 
properties, posture and antigravity movements.31 AIMS is not designed as a predictive tool, 
but it has moderate to excellent predictive validity. It has been used to classify the infants 
development from as normal or suspicious/ abnormal at twelve months corrected age.32
Another tool for assessment of long term neurodevelopmental outcome is the Bayley Scales 
of Infant and Toddler Development (BSID). In the Dutch Neonatal Follow Up program for 
preterm infants the BSID is used to assess the neurodevelopment at the corrected age of 
two years. Both mental (mental developmental index, MDI) and psychomotor development 
(psychomotor developmental index, PDI) are assessed. The BSID is generally used to assess 
neurodevelopmental outcome in preterm born infants. During the past years, BSID has 
been improved and newer versions of BSID are available. The BSID second version has a 
poor predictive value for cognitive outcome at the age of eight years, showing that children 
with severe handicaps and/ or subnormal functioning at the age of two years had improved 
at the age of eight years.33 On the other hand, the children with a score in the subnormal 
range had poorer school age functioning compared to children with a score in the normal 
range,33 thus this tool can be used to identify the vulnerable children at preschool age.34 
The current version, BSID-III, has an improved predictive value compared to BSID-II, 
with a strong predictive validity to predict normal and abnormal cognitive outcomes in 
preterm infants.35 However, the predictive value of BSID for later development is still 
limited.36 Therefore, it would be preferable to assess the prognoses for infants admitted at 
a Neonatal Intensive Care Unit on a combination of prognostic tools.
Aim and outline of this thesis
Long term neurodevelopmental outcome is the main result of a neonatal intensive care 
period. Factors influencing this outcome are of utmost importance. It is therefore needed 
to identify these factors, which in the end can lead to preventive measures. 
Therefore, the aim of this thesis is assessment of specific predictive factors during perinatal 
and neonatal period, leading to brain damage and subsequently to deterioration of long 
term neurodevelopmental outcome. In the term born infant we focus on perinatal events, 
and in the preterm infant postnatal infection was investigated.
Part 1: Perinatal predictive factors
In part 1 perinatal predictive factors for adverse neurodevelopmental outcome are 
described. Chapter 2 addresses acute anaemia in the perinatal period. If acute anaemia 
occurs during birth, cerebral oxygen supply may be impaired. Studies have described short 
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term outcome, however, in literature long term outcome data are scarce. Cerebral MRI 
imaging following the perinatal event may clarify whether brain injury has occurred. It is 
questioned whether MRI imaging could help to predict long term outcome in these infants.
In chapter 3 we focus on the effect of therapeutic hypothermia in newborns with perinatal 
asphyxia. In the Netherlands in 2008 and 2009 therapeutic hypothermia has been 
introduced in all NICU’s. In previous international studies hypothermia has proven to 
have positive effects on long term outcome. In this study we investigate the outcome of 
hypothermia in a Dutch population.
Part 2: Postnatal risk factors: Infection
In part 2 the effect of late-onset infection in preterm infants is evaluated. 
Chapter 4 discusses postnatal imaging performed in preterm infants suspected of late-
onset blood stream infection. We investigate whether abnormalities can be detected using 
cerebral imaging during or after late-onset sepsis in comparison to preterm infants without 
late-onset sepsis.
Chapter 5 addresses the use of NIRS for cerebral monitoring in the same population. With 
Near Infrared Spectroscopy we aim to study the effect of late-onset sepsis on cerebral 
oxygenation in the preterm infant.
Chapters 6 and 7 address the long term neurodevelopmental outcome in preterm infants 
experiencing late-onset sepsis. In chapter 6 early motor outcome at the age of six and twelve 
months corrected age, using the AIMS is studied. Chapter 7 covers the neurodevelopmental 
outcome at two years corrected age, using the BSID.
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Background and objective: 
Severe neonatal anaemia can impair cerebral oxygen supply. Data on long-term 
outcomes following severe neonatal anaemia are scarce.
Methods:
Clinical data and neurodevelopmental outcome of 49 (near) term infants with 
haemoglobin concentration after birth <6.0 mmol/L were retrospectively col-
lected and analysed. In a subgroup of 28 patients amplitude integrated aEEG was 
available and in 25 infants cerebral MRI was obtained. Infants were followed-up 
at 14–35 months of age and assessed with the Griffiths Scale of Mental Develop-
ment or Bayley Scales of Infant Development.
Results:
Eighteen patients (37%) deceased during the neonatal period. In 25 patients 
MRI was performed. A predominant pattern of injury on MRI was seen in 
basal ganglia and thalami in seven patients (28%), whereas any grade of white 
matter injury was present in 16 (64%) and a combination in 3 (12%). Follow-
up data were available for 26 patients (84% of survivors). Formal assessment 
of neurodevelopmental outcome was performed in 20 of 31 (65%) infants who 
survived (median age 19 months, range 14–35 months). Sixteen infants (80%) 
had a developmental quotient appropriate for age in the first two years after birth. 
On motor outcome one patient (5%) scored below average (Z-score -1.10). One 
patient developed cerebral palsy.  
Conclusion: 
Early neurodevelopmental outcome in surviving patients with severe neonatal 
anaemia was within the normal range in the majority of the survivors. MR 
imaging showed mild to moderate white matter injury in two thirds of infants. 











Neonatal anaemia has a diverse aetiology, and it can cause an acute life threatening 
situation through hypovolaemic shock and hypoxia at birth, as well as through multiple 
organ failure in the first days of life. During hypovolaemic shock redistribution of blood 
flow occurs and may be preferentially directed to the brain which possibly prevents more 
severe adverse neurological sequelae.
Anaemia may result in encephalopathy, which can be assessed using aEEG (amplitude 
integrated EEG).
Data on MRI findings and neurodevelopmental outcome of survivors of neonatal anaemia 
are limited. Since severe anaemia is often associated with perinatal asphyxia, it is hard to 
distinguish with neuro-imaging whether cerebral injury is due to anaemia or the associated 
hypoxia-ischaemia. 
The aim of this retrospective study is to describe aEEG and MRI findings following severe 
neonatal anaemia in (near) term infants admitted at a level III Neonatal Intensive Care Unit, 
and relate these findings to neurodevelopmental outcome at approximately two years of age. 
Methods
We retrospectively collected clinical data from medical records of patients who presented 
with severe anaemia in the NICU of the VU Medical Center, Amsterdam, or the Wilhelmina 
Children’s Hospital, University Medical Center, Utrecht in the period January 2000 to 
June 2011.
Patients with an initial haemoglobin (Hb) concentration <6.0 mmol/L ([mg/dL] = 
[mmol/L] x 1.61) and a gestational age ≥36 weeks were eligible for this study. Infants with 
chromosomal abnormalities or inborn errors of metabolism were excluded. 
In nine patients, the first Hb-concentration was measured after a blood transfusion 
had already been administered immediately after birth. Initial Hb-concentrations were 
therefore estimated, based on the fact that a blood transfusion of 20 ml/kg increases Hb-
concentration with approximately 3.0 mmol/L. These estimated values were used as the 
initial Hb-concentrations. 
Various clinical data of vital organ failure were collected, including need for respiratory 




Magnetic resonance imaging (MRI) in the VU Medical Center was performed on a 1.5 
Tesla magnet (Siemens Vision, Erlangen, Germany). The MRI protocol included T1, 
T2 and diffusion weighted images (DWI). In the Wilhelmina Children’s Hospital the 
same sequences were obtained on a 1.5 Tesla MRI, and more recently on a 3 Tesla MRI 
(respectively ACS-NT system and Achieva, Philips Medical Systems, Best, the Netherlands)
We assessed predefined brain areas on both conventional imaging and DWI. The MRI 
score described by Rutherford was used (Appendix 2.1). The separate areas of interest were 
scored in three categories: 1) no abnormalities (no abnormalities on T1 and T2 weighted 
images), 2) mild abnormalities (focal regions of abnormal signal intensity) and 3) moderate 
to severe abnormalities (multiple regions of abnormal signal intensity).
Outcome
Neurodevelopmental and neuromotor function follow-up were assessed with either the 
Griffiths Scale of Mental Development (GMDS), Bayley Scales of Infant and Toddler 
Development-second edition-Dutch version (BSID-II-NL) or, more recently, Bayley 
Scales of Infant and Toddler Development third edition (BSID-III). In order to enable the 
comparison of these different developmental tests, Z-scores were calculated for GMDS 
(Performance Developmental Quotient (PDQ) used for neurodevelopment and the 
Locomotor Developmental Quotient (LDQ) used for motor development), BSID-II-NL 
(Mental Developmental Index (MDI) and Psychomotor Developmental Index (PDI)), 
and BSID-III composite score outcomes. Z-scores were calculated as follows: [(score - 
test mean) / standard deviation (SD)] for each test. Development was classified as either 
mildly delayed (Z-score ≤-1), or normal (Z-score >-1). If neurodevelopmental tests were 
not performed, parents and/or general practitioners were contacted by phone to obtain 
the most recent status of neurodevelopment.
Statistical analysis
Comparisons were made between groups with an initial Hb concentrations ≤3.0 mmol/L 
and 3.1–6.0 mmol/L, as well as between surviving and deceased patients. Comparisons were 
also made between groups with and without MRI abnormalities. We used the Chi square 
test and the Mann Whitney U test for categorical and continuous variables respectively. A 
p-value <0.05 was considered statistically significant. Statistical analyses were performed 
using SPSS Software Package version 20.




Patient characteristics are presented in Table 2.1. Hb-concentrations were measured at birth 
or within several hours after birth and ranged from 1.0 mmol/L to 5.9 mmol/L. 
Table 2.1: Patient characteristics
Clinical characteristics (n=49) N (%) or median (range)
Gestational age (weeks) 39 4/7 (36 0/7–42 1/7)
Birth weight (grams) 3200 (1850–4305)
Sex (male) 26 (53%)
Apgar score at 5 min 4 (0–10)
pH (umbical cord or fi rst pH) 6.96 (6.60–7.30)
Lactate max 19.3 (2.9–35.0)
Haemoglobin concentration (mmol/L) 4.1 (1.0–5.9)
Survival 31 (63.3%)
aEEG performed 42 (86%)
aEEG background pattern documented 28 (57%)
MRI performed 25 (51%)
Survivors with MRI imaging 20 (40.8%)
Neurodevelopmental assessment of survivors (n=31) 20 (64.5%)
Neurodevelopmental assessment and MRI 14 (45.2%)
N, number; BE, base excess; aEEG, amplitude integrated EEG.
Aetiology of neonatal anaemia
The most frequent causes of anaemia were foetomaternal haemorrhage (30.6%) and 
exsanguination (26.5%) due to vasa or placenta praevia. Less common causes were twin-to-
twin transfusion syndrome (8.2%), placental abruption (8.2%), bleeding due to a traumatic 
delivery (8.2%), umbilical cord rupture (6.1%), haemolysis (6.1%) and complications during 
caesarean section (2.0%). In 4.1% the aetiology remained unknown. As hydrops was not 
present in any patient, the onset of the severe anaemia was most likely to be (sub)acute. 
Reticulocyte count data would have been useful to help determine the time of onset of the 
anaemia, but these data were not available in most of the infants. 
Clinical characteristics
Invasive mechanical ventilation was required in 85.7%, and non-invasive respiratory 
support (CPAP: Continuous Positive Airway Pressure) in 14.3%. Circulatory support with 
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vasopressors was needed in 75.5% of the patients. There were no significant differences 
in the need of support of vital organs or mortality between the two Hb-concentration 
groups (Table 2.2). 
Thirteen patients (31%) had at least one glucose concentration <2.0 mmol/L. There were 
no differences in mortality (Fisher exact test, p=0.759), morbidity (Fisher exact test, need 
for respiratory support p=0.186, need for circulatory support p=0.636, convulsions (either 
clinical or electrographic) p=0.612) or neurodevelopment or motor development (Chi 
square test, resp. p=0.954 and p=0.683) between normoglycaemic and hypoglycaemic 
patients.












Invasive resp. support 24 (77%) 18 (100%) 0.030 14 (100%) 28 (80%) 0.073
Vasopressors 19 (61%) 18 (100%) 0.002 11 (79%) 26 (74%) 0.759
Glucose <2.0 mmol/L 9 (29%) 6 (33%) 0.759 6 (43%) 9 (26%) 0.309
aEEG pattern BS/FT 4/19 (21%) 7/9 (89%) 0.003 1/6 (17%) 10/22 (45%) 0.215
MRI performed 20 (65)% 5 (28%) 0.013 6 (43%) 19 (54%) 0.480
Hb <3.0 mmol 9 (29%) 5 (28%) 0.927
Survival 9 (64%) 22 (63%) 0.927
Hb, Haemoglobin; aEEG, amplitude integrated electroencephalogram; BS, Burst suppression; FT, Flat Trace, 
Chi square test. 
aEEG characteristics
Clinical or subclinical seizures were noted in 61.2% of the infants (n=30). Of these, 43.3% 
of the infants (n=13) needed one, and 56.6% (n=17) needed multiple anti-epileptic drugs 
(AED). Most patients were monitored with aEEG during the first days after birth (n=42, 
86%). In 28 patients the aEEG was available for assessment of the background pattern. The 
patterns recorded and scored during the first 12 hours after birth were used. Continuous 
Normal Voltage was found in 50% (n=14), Discontinuous Normal Voltage in 7.1% (n=2), 
Burst Suppression in 32.1% (n=9), Continuous Low Voltage in 3.6% (n=1), and Flat Trace 
in 7.1% (n=2) of the infants. No differences in seizure activity (Fisher exact test, p=0.754) 
or aEEG background pattern (Fisher exact test, p=0.355) were observed for the two Hb-
concentration groups. The aEEG background patterns in the deceased group were more 
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often non-favourable (Burst Suppression or Flat Trace) (Fisher exact test, p=0.010). These 
non-favourable patterns were associated with motor developmental delay in the surviving 
patients (Chi square test, p=0.001). For neurodevelopment, non-favourable patterns showed 
a trend towards delay (Chi square test, p=0.100).
Neonatal outcome
Eighteen patients (36.7%) did not survive the neonatal period. Thirteen patients died 
within 72 hours after birth, mainly due to acute multiple organ failure. The other five 
patients died following a decision to redirect care due to the expected serious long-term 
sequelae, based on clinical parameters (e.g. therapy resistant convulsions) and/or extensive 
cerebral damage documented by MRI. The deceased patients had a significantly higher 
need for respiratory and circulatory support compared to the living patients, but there was 
no difference in the presence of seizure activity.
MRI analysis
Imaging was performed in 25 patients, between day 2 and 8 after birth (median: day 6). 
Five of the patients died, in three patients MRI imaging was performed post-mortem. 
DWI images were available of 18 infants imaged during life. The clinical characteristics of 
infants with an MRI were not significantly different compared to the total study population.
In three deceased patients MRI imaging was obtained post-mortem. In one deceased 
patient DWI (MRI obtained during life on day 6) showed few abnormalities in contrast 
to the conventional images that were clearly abnormal, possibly due to antenatal onset of 
the anaemia.
White matter injury
In 16 of the 25 patients (64%) any grade of white matter injury was found, both in surviving 
and deceased patients. Severe widespread abnormalities were seen in eight infants (32%), 
three of whom died. Another eight infants (32%) had mild white matter lesions. 
Severe lesions were seen in the occipital white matter (n=8) and slightly less often in the 
frontal (n=6) and temporal white matter (n=7). Mild lesions were seen in occipital (n=4), 
frontal (n=6) and temporal white matter (n=1). White matter lesions were often present 
in more than one site (Table 2.3).  
No relation was found between white matter abnormalities and an unfavourable aEEG 
background pattern or the presence of hypoglycaemia (n=28, Fisher exact test, p=0.315 
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and p=0.205 respectively). There were also no differences in Locomotor Developmental 
Quotient/ Psychomotor Developmental Index (LDQ/ PDI), Performance Developmental 
Quotient/ Mental Developmental Index (PDQ/ MDI) or combined outcome death or 
motor/ neurodevelopmental outcome Z-score <-1 (n=14, Chi square test, p=0.901, p=0.902 
and p=0.154 respectively).
Basal ganglia/thalamic (BGT) injury
Abnormalities in the basal ganglia and thalami were seen in seven infants. Moderate to 
severe abnormalities were only seen in five deceased infants, all of whom had associated 
white matter lesions. Mild BGT abnormalities were found in two (8%) surviving patients, 
without associated white matter lesions. 
Comparison of infants with Hb <3 mmol/L and 3.1–5.9 mmol/L
Severity of anaemia did not show a relation with subsequent brain abnormalities. This 
is illustrated in Figure 2.1. There was no difference in mortality between the two Hb-
concentration groups. 
Cerebellar damage was seen in six infants, in both Hb-concentration groups (Table 2.4). 
Haemorrhagic lesions were found in three infants, while ischaemic lesions were found in 
the other three infants.
Table 2.3: MRI fi ndings in the total population





Occipital WM 8 (32%) 4 (16%) 5 (26%)
Frontal WM 6 (24%) 6 (24%) 4 (21%)
Temporal WM 7 (28%) 1 (4%) 3 (16%)
All WM 16 (64%) 6 (32%)
WM injury more than 1 site 7 (28%) 2 (8%) 4 (21%)
Basal ganglia and thalami 5 (20%) 3 (12%) 3 (16%)
Internal capsule 6 (24%) 1 (4%) 3 (16%)
WM, white matter.




Neurodevelopmental test results were available in 20 of the 31 surviving patients (median 
age 19 months, range 14–35 months). Mean Z-score for neurodevelopment was 0.43 
(SD 0.71). Only one patient (5%) was mildly delayed (Z-score -1.08). Mean Z-score for 
motor outcome was 0.58 (SD 0.81). One patient (5%) was mildly delayed (Z-score -1.10). 
Figure 2.1: MRI imaging. 
A and B, MRI day 7: Term born male with Apgar scores 5 and 6 at 1 and 5 min and an initial Hb-concentration 
of 1.9 mmol/L (A: axial T2 weighted image at the level of the basal nuclei, B: axial DWI): mild abnormalities 
in occipital white matter, not seen as increased signal intensity on DWI. Patient did not appear on follow-
up appointments, but had a favourable outcome according to the general practitioner at the age of two 
years. C and D: Term born female, Apgar scores 4 and 8 at 1 and 5 min and an initial Hb-concentration of 5.6 
mmol/L, MRI day 2 (C: axial T2 weighted image, D: axial ADC map). Diff use severe abnormalities throughout 
the cortex and white matter, near total brain injury (ADC thalami 700 x 10-6 mm2/s, basal ganglia 850 x 10-6 
mm2/s. Care was redirected.
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Unilateral spastic cerebral palsy was diagnosed in one patient with haemorrhagic cortical 
infarction. Of the 11 patients who were not formally tested, information was retrieved from 
the paediatrician, general practitioner or the parents. In none of these patients cerebral 
palsy was diagnosed and in one patient behavioural problems were reported. Information 
about outcome could not be retrieved in two patients.
Thirteen of the 20 survivors with available MRI data were tested. Median age of testing was 
24 months (range 15–35 months). The mean Z-score for neurodevelopment was 0.37 (SD 
0.76) and the mean Z-score for motor outcome was 0.67 (SD 0.88). No differences were 
found in neurodevelopmental and motor outcome between patients with no/mild white 
matter abnormalities and patients with moderate to severe white matter abnormalities.
There were no differences between the two Hb-concentration groups for the neurodevel-
opmental outcome (mean Z-score resp. 0.33 (SD 0.79) and 0.73 (SD 0.59)) and the motor 
outcome (mean Z-score resp. 0.62 (SD 0.88) and 0.49 (SD 0.62)).
Discussion
In this retrospective study we were able to show that lesions in the BGT and especially in 
the white matter are a common finding in infants with severe neonatal anaemia.  
Cerebral damage has been suggested to be caused through several pathophysiological 
mechanisms. In full-term infants, the deep grey matter nuclei are probably affected after an 
acute hypoxic-ischaemic insult due to changes in brain maturation and increased metabolic 
demands.1 White matter injury is also found in full-term infants and is considered to be 
Table 2.4: Abnormal MRI fi ndings (conventional images) of survivors vs deceased and Hb concentration 











Occipital WM 7 (35%) 5 (100%) 0.035 5 (83%) 5 (26%) 0.121
Temporal WM 4 (20%) 4 (80%) 0.012 3 (50%) 5 (26%) 0.514
Frontal WM 7 (35%) 5 (100%) 0.060 3 (50%) 9 (47%) 0.926
BGT 3 (15%) 5 (100%) 0.001 1 (17%) 7 (37%) 0.624
Internal capsule 2 (10%) 5 (100%) <0.001 1 (17%) 6 (32%) 0.642
Cerebellum 1 (5%) 5 (100%) <0.001 1 (17%) 5 (26%) 0.733
WM, White matter; BGT, basal ganglia and thalami. Fisher exact test.
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due to more prolonged and repetitive hypoxic-ischaemic events. A combination of deep 
grey matter damage and white matter lesions can also be found.2 We hypothesize that the 
mechanisms that cause basal ganglia and white matter injury following severe anaemia 
might be similar to the mechanisms responsible for cerebral injury in full-term infants with 
perinatal asphyxia due to other causes. White matter injury has been described in animals 
as well as in humans after moderate prolonged foetal or neonatal asphyxia, as well as after 
neonatal hypoglycaemia.3, 4 It is important to note that a substantial percentage (31%) of 
our anaemic patients also had a period of hypoglycaemia. The mechanism of injury due 
to hypoglycaemia is still unclear, although it has been hypothesized that it is caused by an 
increased regional cerebral blood flow during hypoglycaemia with a subsequent reduction 
in regional glucose uptake.3 
Even more interesting are the clinical implications of these findings. MRI is a well established 
method to assess brain injury in infants suffering from perinatal asphyxia, and these findings 
are closely related to later neurodevelopmental outcome.4-10 Data on the long-term outcome 
of patients with severe acute anaemia combined with a less severe component of perinatal 
asphyxia are still limited. It is of interest that early neurodevelopmental and motor outcomes 
in the first two years of life in the survivors is favourable. In the absence of damage in the 
thalamus and basal ganglia neonatal anaemia itself does not have a significant effect on 
outcome at two years of age.11 However, the children are still young and their outcome 
should be re-assessed at school age. We also found that the severity of anaemia does not 
influence the need for intensive care treatment in the neonatal period. Moreover, we also 
found that there was no significant difference in survival between patients with an initial 
Hb-concentration ≤3.0 mmol/L versus patients with an initial Hb-concentration between 
3.1–6.0 mmol/L. There was also no increased need for respiratory or circulatory support in 
the infants with more severe anaemia. However, the degree of organ failure and especially 
the degree of encephalopathy scored clinically or with aEEG, the presence of seizure activity 
and of severe injury on MRI were correlated with mortality and/or redirection of care. 
Limitations
This retrospective study has several limitations. First, Hb-concentrations were not assessed 
within a predefined time after birth. However, all Hb measurements were performed within 
6 hours after birth, indicating severe neonatal anaemia. Second, MRI imaging was initially 
restricted to infants with a clinical indication, although MRI was also performed in patient 
with anaemia without serious co-morbidity. Although this may have caused a potential 
bias, clinical characteristics in infants with and without MRI data were not different. Third, 
a full neurodevelopmental assessment was not performed routinely. It would therefore be 
Chapter 2
32
desirable to have a follow-up in these patients at school age to study whether the white 
matter lesions are associated with school performance, as has previously been shown in 
survivors with white matter injury in the context of hypoxic ischaemic encephalopathy.12 
More insight in the association between patterns of damage and possible pathophysiological 
mechanisms, combined with neurological outcome, will hopefully provide more insight 
in how to predict future disabilities during the newborn period.
In conclusion
Severe neonatal anaemia is associated with high neonatal mortality and neonatal morbidity. 
Those who survive perform relatively well when assessed at approximately two years of age. 
MR imaging shows abnormalities in the basal ganglia and thalami in severely affected 
infants and white matter lesions in most patients. However, it is difficult to distinguish 
between damage due to anaemia only and damage due to associated perinatal asphyxia. 
Due to the retrospective setup of this study and missing data, results should be interpreted 
with caution. Prospectively collected data with a longer follow-up period are needed.
Appendix 2.1
MRI scoring system10
Posterior limb of internal capsule (PLIC): 0 = normal, 1 = reduced or asymmetrical signal 
intensity; 2 = severe injury with reversed or abnormal signal intensity bilaterally on T1 
and or T2 weighted images. 
Basal ganglia and thalami (BGT): 0 = normal, 1 = mild injury (focal abnormal signal 
inten sity); 2 = moderate injury (multifocal abnormal signal intensity); 3 = indicates severe 
injury (widespread abnormal signal intensity). 
White matter (WM): 0 = normal; 1 = mild injury (long T1 and T2 in periventricular white 
matter only); 2 = long T1 and T2 in subcortical WM and or focal punctate lesions or focal 
infarction; 3 = severe widespread abnormalities including long T1 and T2, infarction and 
haemorrhage. 
Cortex: 0 = normal; 1 = mild (1–2 sites cortical highlighting / decreased T1); 2 = moderate (3
sites involved); 3 = severe (more than three sites).
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Background and objective: 
Therapeutic hypothermia improves outcome after perinatal asphyxia. The Ages 
and Stages Questionnaire is a screening tool to detect neurodevelopmental 
delay. In this study we examined the outcome of patients with perinatal asphyxia 
(defined as Apgar score <5 at 10 minutes, or continued need for resuscitation, 
or pH <7.00 in umbilical cord or within one hour after birth) with and without 
therapeutic hypothermia treatment at the age of four years.
Methods:
Cohort study of patients with perinatal asphyxia admitted to the Neonatal In-
tensive Care Units of the VU University Medical Center, Amsterdam and the 
Wilhelmina Children’s Hospital, Utrecht in the year 2008. Parents were asked 
to fill out the 48 months Ages and Stages Questionnaire (ASQ). In Wilhelmina 
Children’s Hospital treatment with therapeutic hypothermia was implemented in 
2008, in the VU University Medical Center in 2009, providing a historical cohort.
Results:
Twenty-three questionnaires were evaluated. Response rate of questionnaires for 
the VU Medical Center was 63% (n=10) and Wilhelmina’s Children’s Hospital 
93% (n=13). No significant differences were found in the mean scores between 
both groups. However, the untreated group scored more frequently under the 
-2 SD threshold. In the fine motor skills domain the difference was statistically 
significant (p=0.031). In the treated group no patients developed cerebral palsy 
and in the untreated group two patients developed cerebral palsy.  
Conclusion: 
In this study patients treated with hypothermia tend to have a better neurode-
velopmental outcome. No significant differences were found between the two 











Perinatal asphyxia occurs in 1–2/1000 deliveries in the Netherlands. Several parameters 
may be predicting poor neurodevelopmental outcome, like clinical parameters, neurologic 
examination, neurophysiology and MRI imaging. Therapeutic hypothermia is a proven 
therapy to improve outcome in term or near term newborns with perinatal asphyxia.1 It 
reduces mortality without increasing disability in this patient group.
In The Netherlands (therapeutic) hypothermia has been introduced in 2008. The introduc-
tion of (therapeutic) hypothermia in The Netherlands and Flanders was recently reported 
showing similar outcome as in previously published studies.2 However, no comparison has 
been made to the outcome of patients with perinatal asphyxia without being treated with 
therapeutic hypothermia. 
One method to get insight in child development is the Ages and Stages Questionnaire 
(ASQ). This is a parent–completed development screener consisting of different age specific 
questionnaires. It has a high negative predictive value as a screening tool for cognitive 
and motor developmental delay.3, 4 The Dutch ASQ for 48 months has been studied for 
usefulness of detecting early developmental problems and has comparable outcomes in 
relation to countries worldwide.5
The aim of this retrospective study was to examine a historical cohort of patients with 
perinatal asphyxia of two Neonatal Intensive Care Units (NICU’s), of which some have 
been treated with therapeutic hypothermia to compare with an untreated normothermic 
control group. 
Methods
Since 2008 therapeutic hypothermia as treatment for perinatal asphyxia has been intro-
duced in the NICU’s in the Netherlands. It was first introduced in the Wilhelmina 
Children’s Hospital, Utrecht and subsequently in the other hospitals level III NICU’s in 
the Netherlands. A year later, in 2009, it was introduced in VU University Medical Center, 
Amsterdam. Inclusion criteria for hypothermia treatment, in summary, are gestational 
age over 36 weeks, signs of perinatal asphyxia (Apgar score <5 at 10 minutes, and/or 
continued need for resuscitation, and/or pH <7.00 in umbilical cord or within one hour 
after birth) followed by signs of encephalopathy (e.g. seizures, hypotonia, lethargy).6 Start 
of hypothermia had to be within six hours after birth.
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Patients admitted to the NICU’s of both hospitals in the year 2008 were included in this 
study, providing a normothermic group of infants from the VU University Medical Center 
with a hypothermic group of infants from the Wilhelmina Children’s Hospital in Utrecht. 
Parents were contacted to ask for consent to fill out the 48 months ASQ. 
The ASQ has five domains: communication, gross motor skills, fine motor skills, problem 
solving capacity, social emotional development. In each domain six items were scored, as 
present in the patient, sometimes present or not yet shown by the patient, with respectively 
10, 5 and 0 points. If an item was not filled in a score of 0 was imputed, based on the 
lowest feasible result. A score for each domain, and a total score were calculated. Cut-off 
thresholds for Dutch children are not yet available, so the American cut-off thresholds 
have been used. A standard deviation (SD) of less than -1 is considered as a child being at 
risk of developmental delay, a SD of less than -2 implies developmental delay. The -1 SD 
thresholds in the five domains are respectively 42, 43, 31, 42 and 38. The -2 SD thresholds 
are respectively 31, 33, 16, 31 and 27.
Clinical data of all patients were collected, to evaluate if the groups were comparable. Also 
MRI results were collected.
The study was approved by the Medical Ethics Committee of the VU University Medical 
Center. Informed consent was obtained.
Statistical analysis was performed using SPSS Software Package version 20. Mean scores on 
all five domains of the ASQ were compared between the two groups using the Chi square 
test. A p-value <0.05 was considered statistically significant.
Results
In the Wilhelmina Children’s Hospital 14 patients received therapeutic hypothermia, 
response rate of questionnaires 93% (n=13). In the VU University Medical Center 15 
patients would have met the criteria for therapeutic hypothermia (but were not treated), 
response rate of questionnaires 67% (n=10). In total 23 questionnaires were analysed. 
Clinical characteristics, MRI if performed and questionnaire results are stated in Table 3.1. 
The Apgar score at 5 minutes was stated due to absence of 10 minute scores in a quarter 
of the patients.
No significant differences were found in patient characteristics. Aetiology of perinatal 
asphyxia was slightly different in both groups. In 15% the aetiology was unknown in both 
groups. In both groups nuchal cord and shoulder dystocia were frequent causes of the 
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perinatal asphyxia. In the normothermic group meconium aspiration was more common 
than in the treated group (33% vs 8%).
ASQ
The mean scores of the five domains of the ASQ showed no significant differences between 
the treated and the normothermic group. However, in the domains of communication and 
problem solving capacities the hypothermia group tends to have better scores. In none of 
the domains the mean scores were below the -1 SD threshold. However, when individual 
patients were analysed half of all infants (11/23) scored in one or more domains below 
the -1 SD threshold, and one fifth scored below -2 SD (5/23). When comparing the two 
groups, the patients in the normothermic group scored more often below the -2 SD. Only 
in the domain of fine motor skills was the difference statistically significant (p=0.031). In 
the normothermic group two patients developed cerebral palsy. These two patients with 
cerebral palsy scored lower in all domains of the ASQ. One scored no points in either 
domain. The other scored in the domains problem solving capacity and social emotional 
development, but below the -1 and -2 SD threshold respectively, with no additional points 
in the other domains. 
MRI fi ndings
In the normothermic group MRI was performed in seven patients. In three patients the 
basal ganglia showed abnormalities; two developed cerebral palsy, the other did not. In 
one patient the posterior limb of the internal capsule was affected without involvement 
of the basal ganglia. In two patients white matter lesions were found. Of the two patients 
who developed cerebral palsy, one had a spastic quadriplegia, the other a severe dyskinetic 
cerebral palsy (both Gross Motor Function Classification System V). 
All patients of the hypothermic group had a neonatal MRI. None of the patients showed 
abnormalities on MRI imaging in the basal ganglia. In five patients white matter lesions 
were observed. None of the patients developed cerebral palsy. Two patients scored below 
-2 SD, one for gross motor score, the other on problem solving capacity. The former did 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































ASQ, in general, is a good screening tool that can be used in a large cohort to screen for 
developmental delay with little means. Even if MRI showed no or little abnormalities 
these patients are at risk for neurodevelopmental delay due to perinatal asphyxia. ASQ as 
a screening tool is easy to use and not time-consuming for parents and doctors. Moreover 
it can be used on subsequent ages to follow-up the neurodevelopment and it may detect 
patients with a mild neurodevelopmental delay. 
With this limited data set we were able to show that, although the mean scores did not 
differ between normo- and hypothermic patients, the individual hypothermic patients had 
better scores on the ASQ. When looking at the patients scoring below -2 SD (implying 
developmental delay) a significant difference in performance was present to the detriment 
of the normothermic group. 
No previous studies comparing patients with perinatal asphyxia whether or not treated with 
therapeutic hypothermia have used the ASQ. But these findings are in line with the follow-
up studies after therapeutic hypothermia after perinatal asphyxia showing better long term 
outcome.1, 7, 8 
Due to the retrospective nature of this study the number of patients could not be expanded. 
One can assume there might be smaller differences present between the two patient 
groups, but this could not be detected due to the small study population. In addition a 
parent-completed questionnaire is a screening tool and less sensitive than a standardized 
developmental test. Also it is subject to subjectivity of interpretation by parents. This makes 
it difficult to detect more subtle differences in developmental delay.
As hypothermia was introduced in the VU University Medical Center after 2008 i.e. 2009, 
in 2008 only patients with respiratory or circulatory insufficiency or neurologic sequelae 
of perinatal asphyxia e.g. convulsions were admitted to the NICU. One may assume that 
only more severely affected patients were transferred to the NICU and other less affected 
patients, however eligible for hypothermia, remained in the referral hospitals. This might 
explain differences in the aetiology of perinatal asphyxia in the patient population between 
the two hospitals in 2008. On the other hand, the hypothermic group presented with 
comparable cardiorespiratory insufficiency and neurologic problems.




When comparing cohort of patients with perinatal asphyxia with the ASQ questionnaire, 
the patients treated with therapeutic hypothermia tend to have a better outcome at four 
years of age compared to the normothermic group.
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Background and objectives: 
Late-onset sepsis is frequently seen in preterm infants and is associated with poor 
neurodevelopmental outcome. White matter damage is proposed as substrate 
of poor outcome, with contributing factors as regional hypoxia and effects of 
cytokines on oligodendrocytes. We investigated the relation between cerebral 
oxygenation during (suspected) late-onset sepsis and neurodevelopmental 
outcome.
Methods:
Prospective cohort study, including preterm infants (gestational age <32 weeks 
and/or birthweight <1500 grams) with (suspected) late-onset sepsis underwent 
NIRS registration during the first 72 hours of suspected late-onset sepsis. At 
two years corrected age neurodevelopment was scored using the Bayley Scales 
of Infant Development-II.
Results:
Thirty-two infants were included. Twenty-seven infants were identified with 
proven late-onset sepsis and five infants had clinical sepsis without positive blood 
culture. In this study, late-onset sepsis was predominantly caused by coagulase 
negative staphylococci (CoNS) (72%). All NIRS values were within normal limits. 
No association was found between NIRS and impaired neurodevelopmental 
outcome (n=4) at corrected age two years: composite cognitive score 105 
(80–115), composite motor score 103 (82–118) (median and range).  
Conclusion: 
In this pilot study, late-onset sepsis (predominantly caused by CoNS with a 
relatively mild clinical course), was not associated with aberrant NIRS values, nor 
with impaired neurodevelopmental outcome. Further research might establish 











Preterm and very low birth weight infants are at risk of acquiring nosocomial sepsis 
due to their immature immune system.1 Approximately 21–36% of the admitted infants 
experience a culture proven late-onset sepsis. Up to 50% of the infants was treated with 
antibiotics during their Neonatal Intensive Care Unit (NICU) stay, both for blood culture 
proven and clinically suspected infection.2, 3 
The long-term effects of sepsis in preterm newborns are well established. Sepsis is associated 
with adverse long term neurodevelopment, with mental or psychomotor developmental 
delay.3 However, also studies have been published, concerning mainly perinatal CoNS 
infections, in which this relation has not been established.4 
The adverse long term effects of sepsis are linked to the development of white matter 
injury,5, 6 and white matter injury is associated with abnormal psychomotor outcome.3, 7 
One of the mechanisms inducing white matter injury is compromised cerebral blood flow 
and thus hypoxemia, which can be the result of dysregulation of vital parameters like blood 
pressure, due to infection. Another mechanism is release of inflammatory mediators, which 
can induce and increase cerebral damage.8, 9 
To evaluate effects of nosocomial infection on the brain in preterm infants, cerebral imaging 
by cerebral ultrasounds or MRI can be performed. However, cerebral ultrasound will only 
show already established gross brain damage. Other modalities of brain monitoring might 
provide an additional value, e.g. by detecting changes in cerebral perfusion, which may 
prelude cerebral damage. 
Several studies have determined reference values of regional cerebral oxygen saturation 
in preterm infants.10-12 Also studies concerning the association between regional cerebral 
oxygen saturation and long term outcome become more and more available. However, 
most studies report the regional cerebral oxygenation during the first 72 hours of life. 
Alderliesten et al. showed an association between lower regional cerebral oxygen saturation 
in the first 72 hours of life and lower neurodevelopmental outcome scores.13 In another 
follow-up study, this association could not be demonstrated.14
Van der Laan et al. studied multisite fractional tissue oxygen extraction during an episode 
of clinical sepsis on short term outcome.15 The effects on cerebral oxygenation during 
late-onset sepsis, and in relation to long term neurodevelopmental outcome, have not 
been described previously. In search for a causal link, it would be interesting to investigate 
whether impairments in cerebral autoregulation might be of influence in development of 
white matter injury and relate to subsequent long term development. One could hypothesize 
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cerebral oxygenation is compromised during late-onset sepsis due to instability of the infant 
during the first days after onset and thereby influence long term outcome.
Aim of this study was to investigate the effects of late-onset sepsis on cerebral oxygenation 
during the first 72 hours after onset and the relation with psychomotor outcome at corrected 
age of two years. 
Methods
We performed a prospective, observational cohort study: the INFANT study. Data of 
preterm infants <32 weeks gestational age and/or <1500 grams admitted to the level III 
Neonatal Intensive Care Unit (NICU) of the VU Medical Center between August 2012 and 
December 2014 and suspected of late-onset sepsis were prospectively collected. Preterm 
infants with syndromal or chromosomal abnormalities and congenital metabolic disorders 
were excluded. Informed parental consent was obtained and approval was given by the 
medical ethical committee of the VU University Medical Center (protocol number 2008/77).
Late-onset sepsis was suspected when one of the following clinical symptoms occurred: 
hypothermia (<36.5 °C) or hyperthermia (>37.5 °C), hypotension, tachycardia, apnea, 
feeding problems, irritability and/or apathy. Late-onset sepsis was defined as a positive 
blood culture after 72 hours of life.16, 17 When blood culture remained sterile, but antibiotic 
treatment was given for seven days due to persistent clinical symptoms, late-onset sepsis 
was considered probable and defined as clinical sepsis. 
Clinical data were collected from patients’ medical charts. Neonatal variables included 
gestational age at birth, birth weight, gender, intraventricular hemorrhage according to 
Volpe18 and white matter echogenicity on cerebral ultrasound defined as any white matter 
hyperechogenicity occurring during the study period on any localization in the cerebrum, 
need for inotropic support, need for mechanical ventilation and lumbar puncture.
During the first 72 hours of suspicion of late-onset sepsis, cerebral oxygenation was 
registered by INVOS 5100C near infrared spectrometer (Covidien/ Medtronic, Boulder, 
Colorado, USA) in combination with the small adult sensor Somasensors with emitter-
detectors distance of 3 and 4 cm (Covidien/ Medtronic) with data storage every 34 seconds. 
The sensor was placed left or right frontoparietal on the patients head providing regional 
cerebral oxygenation (rScO2) and replaced every three hours to prevent skin lesions. Change 
of position of the sensor might alter the rScO2 value measured, however Hyttel-Sorensen 
et al. state out of range values on average will tend to normalize.19 Isolated drop out data 
after repositioning of the sensor were removed. Arterial oxygen saturation (SaO2) was 
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retrieved by pulse oximetry on a limb. To investigate the balance between oxygen delivery 
and oxygen consumption, the relative cerebral fractional tissue oxygen extraction (cFTOE) 
can be formulated as a ratio: (SaO2-rScO2)/ SaO2. Analyses were performed in time frames 
of eight-hour duration. Artifacts in registrations were assessed. If a value of zero was 
registered, this value was eliminated from the data set except for severely respiratory or 
circulatory compromises patients, which could correspond with a value of zero. All other 
values were maintained.
Cognitive and motor development was scored at two years corrected age by the Bayley 
Scales of Infant Development II (BSID-II), consisting of a mental developmental index, 
psychomotor developmental index and a behavioral rating scale.20 The outcome was rated 
good when BSID-II >85 and poor if BSID-II<85 or non-survived. Also language skills were 
assessed by the lexi quotient.21, 22
Statistical analysis was performed with SPSS using version 22 (SPSS Inc, Chicago, Illinois, 
USA). For multivariate analysis we used the non-parametric Kruskal Wallis test and if 
appropriate the Mann-Whitney U test. Due to the non-normality of the data these non-
parametric tests were chosen. Mixed models were used as appropriate for longitudinal data 
analysis. A probability p-value <0.05 was considered statistically significant.
Results
During the study period, 32 infants (14 boys, 18 girls) were included. Patient characteristics 
are shown in Table 4.1 and presenting clinical symptoms are stated in Table 4.2. Twenty-
Table 4.1: Patient characteristics
Clinical characteristics N (%) or median (range)
Gender: boys 14 (44%)
Gestational age, weeks 27 4/7 (24 0/7 – 32 0/7)
Birth weight, grams 1029 (545 – 1900)
Survival 31 (97%)
Postnatal day of onset late-onset sepsis 10 (4 – 48)
Lumbar puncture 23 (72%)
Need for intubation during LOS 8 (25%)
Need for inotropic support 2 (6%)
Signs of NEC stage II/III during episode of LOS 2 (6%)
White matter abnormalities on cerebral ultrasound 4 (13%)
LOS, late-onset sepsis, gestational age and birthweight stated as median and range.
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seven infants were identified with proven late-onset sepsis and five infants had clinical 
symptoms, elevated CRP and were treated with antibiotics for seven days, but without 
positive blood culture. Three infants experienced two episodes of late-onset sepsis suspicion. 
Only the first episode was used for analysis. CoNS (n=23) were the causal agents in 72% 
in cases with proven late-onset sepsis. Staphylococcus aureus (n=3) and Escherichia coli 
(n=1) counted for the other proven late-onset sepsis episodes.
Figure 4.1 shows the mean values of rScO2 and cFTOE in the first 72 hours of late-onset 
sepsis. The median postnatal day of onset late-onset sepsis was day 10 (range day 4 to 48). 
Longitudinal analysis shows no significant difference over the 72-hour registration, either 
for rScO2 nor FTOE (respectively p=0.536 and p=0.588).
Cognitive and motor development was assessed at corrected age of two years. One patient 
of 32 patients died during NICU admittance. Twenty-eight of 31 patients who survived 
Table 4.2: Presenting clinical symptoms
Symptoms N (%)




Feeding problems 10 (31%)
Hyperglycemia 2 (6%)
Hypotension 1 (3%)
Figure 4.1: Mean rScO
2
 and FTOE during fi rst three days of late-onset sepsis. 
rScO2, regional cerebral oxygenation saturation; cFTOE, cerebral fractional tissue oxygen extraction; h, 
hours.
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were tested (90%). Three patients were lost to follow-up due to them moving abroad (1), 
cancellation of the test due to personal circumstances (1) and one patient turned out to have 
a severe structural cerebral disorder (double cortex) for which this patient was excluded 
for follow up analysis. Results of the median cognitive and motor development were within 
normal range (Table 4.3). Though one patient scored under 85 for cognitive development 
(score 80) and two patients below 85 for motor development (score for both patients 82). 
Also lexi quotient and total behavioral scores are within normal range.
There was no correlation between lowest mean value of rScO2 during the 72 hour period 
and the composite cognitive score (Figure 4.2).
Brain ultrasound abnormalities occurred in four patients. rScO2 and FTOE in the first 72 
hours of late-onset sepsis were not associated with echo densities on cerebral ultrasound in 
any localization in the cerebrum, nor with good outcome (BSID-II score mental and motor 
≥-1 SD) nor with poor outcome (BSID-II either mental or motor <-1SD, or non-survived).
Table 4.3: Median corrected age cognitive score, motor score, total behavioral score and lexi quotient
Score Median (range)
Corrected age at testing (range) 24m 4d (23m 3d – 31m 0d)
Corrected age composite cognitive score (range) 105 (80 – 115)
Corrected age composite motor score (range) 103 (82 – 118)
Total behavioral score (range) 21 (3 – 56)
Lexi quotient (range) 92 (61 – 119)
m, months; d, days.
Figure 4.2: Lowest rScO
2
 (8 hour interval) and composite cognitive and motor outcome based on the 
Bayley’s Scales of Infant Development II. 




During the first 72 hours of late-onset sepsis we did not detected changes in cerebral tissue 
oxygenation and consumption as measured by NIRS in our study cohort of preterm infants 
in comparison to the reference values the first days after birth as presented by Alderliesten 
et al.10 as best available reference values at this moment. Other studies report data regarding 
cerebral oxygenation in subsequent days after birth showing a small decline in rScO2 values, 
however these studies had small study populations.11 Due to possible small alterations in 
cerebral perfusion during late-onset sepsis which could not be demonstrated in this study 
population, a larger cohort is required to elucidate the effect of late-onset sepsis on cerebral 
perfusion. Also, to assess the association of regional cerebral oxygen saturation and long 
term neurodevelopmental outcome larger cohorts are needed.19 
In this cohort CoNS were highly represented, 72% of all proven infections, which is in 
line with previously published results.23 CoNS infections are known to have a relatively 
mild clinical presentation and are not associated with poor motor outcome.4 In line with 
the relatively good prognosis of CoNS infections we did not find brain damage in terms 
of white matter abnormalities in this cohort using cerebral ultrasound.24 We could not 
establish an effect on cerebral oxygenation. The latter might be explained by cerebral 
autoregulation not being compromised during CoNS sepsis. In addition, with NIRS 
monitoring cerebral oxygenation is measured more superficially including the cortex, but 
excluding a major part of the white matter. Only two infants needed inotropic support 
suggesting that the cerebral tissue oxygenation is compliant enough to warrant appropriate 
cerebral oxygenation in these infants. 
The association of white matter injury and decreased values of rScO2 has been described in 
infants with congenital heart disease.25 It is also important to consider that an increase of 
cFTOE ratio might either indicate a reduced oxygen delivery to the brain with a constant 
oxygen consumption of the brain, or a higher oxygen consumption than delivery26 and a 
possible indicator for ominous white matter injury. In this study cerebral ultrasound has 
been used as a modality of imaging, which is available in the acute period of infection, 
and might index patients at risk for white matter injury. When exploring sequelae of 
cerebral hypoperfusion in terms of white matter abnormalities on ultrasound no significant 
differences were found in rScO2 or cFTOE. 
In contrast to most findings, Alshaikh et al. reported that CoNS infections were associated 
with a cognitive delay at 36 months corrected age.27 However, we found in this cohort the 
BSID-II at 24 months corrected age median composite scores for cognitive and motor 
development were in line with the general population. Three individual patients scored 
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less than 85 for either cognitive or motor development at the BSID-II test. Also when 
exploring the lowest rScO2 values during the infectious episode no relation could be 
demonstrated with cognitive or motor outcome. Taken into account it is a relatively small 
study cohort smaller differences between the CoNS group and the general population 
might have remained undetected, and therefore the relation between CoNS, rScO2, and 
adversed long term outcome cannot be rejected. Also, follow-up at school age might 
provide more insight in more subtle cognitive disturbances due to late-onset sepsis. On 
the other hand, it might also be the representation of a relatively mild course of a CoNS 
sepsis. Further studies should be performed to determine if the hypothesis “disturbed 
cerebral oxygenation might be related to adverse long term outcome in CoNS sepsis” can 
be proven or should be rejected.
In our cohort we also explored the relation between rScO2 and cFTOE and a good (BSID-II 
score mental and motor ≥-1 SD) or a poor outcome (BSID-II either mental or motor <-1 
SD, or non-survived). We were not able to show any relation between NIRS values in the 
first 72 hours during late onset infection and neurodevelopmental outcome at two years. 
However, as CoNS infections are the most frequent etiology of late-onset sepsis, it would 
be interesting to explore the effects of micro-organisms other than CoNS in a larger cohort 
than this study provides.
We do acknowledge limitations of our study. This is a single center study in a relatively small 
group of preterm infants. It would be interesting to study a larger cohort and compare the 
cerebral oxygenation values and long term follow up to a control group and evaluate other 
factors influencing cerebral oxygenation and the effects on long term outcome. 
Furthermore, the high incidence of coagulase-negative staphylococci limited the number 
of patients with late-onset sepsis caused by other bacteria. Therefore, it is difficult to assess 
if cerebral tissue oxygenation is influenced differently during late-onset sepsis caused by 
different micro-organisms like gram-negative bacteria. And if so, if there is any difference 
in disturbance of cerebral tissue oxygenation in the relatively mild course of CoNS versus 
gram negative bacteria.
NIRS monitoring registers the mixed oxygen saturation from superficial tissue e.g. the 
cerebral cortex and part of the white matter. Also, it is not certain whether white matter 
and deep grey matter were equally well represented in the registered values of cerebral 
oxygenation.28 Therefore, conclusion concerning the relation between white matter 




In this pilot study we did not detect any changes in cerebral oxygenation during the first 
72 hours of late-onset sepsis. In this small cohort we did not detect an effect of late-onset 
sepsis on neurodevelopmental outcome at two years corrected age. However, this might be 
the result of a relatively mild course of late-onset sepsis by CoNS. Further research could 
elucidate the effect of other causal micro-organisms.
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Introduction: 
This study describes cerebral ultrasound abnormalities caused by late-onset 
sepsis (LOS) in very preterm infants with a gestational age of <32 weeks and/or 
birthweight <1500 grams.
Methods:
The prospective study (“INFANT study”) included 117 preterm infants with 
suspected LOS. Proven LOS was defined as a positive blood culture after 72 
hours of life. In case of coagulase-negative staphylococci an elevated C-reactive 
protein was additionally required to establish proven LOS. Patients were identi-
fied as proven LOS and patients with only clinical symptoms of LOS. Cerebral 
ultrasound images were obtained in the first week after birth, during/after LOS 
and before discharge. Cerebral findings were divided in no/minor and major 
abnormalities.
Results:
Eighty-six preterm infants had proven LOS and 31 preterm infants had only 
clinical signs of LOS. Four infants were excluded because pre-existing major 
brain abnormalities. No significant differences (p=0.624) for incidence of major 
brain abnormalities on cerebral ultrasound were found.  
Conclusion: 
No differences were revealed in prevalence of major brain abnormalities between 
the groups with proven LOS and with clinical signs of LOS. Both infants with a 
gram negative sepsis developed major brain abnormalities, whereas only three 












Late-onset sepsis (LOS) has a large impact on the neurodevelopment of very preterm 
infants (gestational age <32 weeks) and/or very low birth weight infants (birth weight <1500 
gram) characterized by an increased risk for developing cognitive impairments, cerebral 
palsy and other neurodevelopmental disabilities compared to preterm infants without a 
sepsis.1-5 Earlier studies have shown that up to 40% of the very preterm infants (born <32 
weeks gestational age) had at least one episode of LOS during their Neonatal Intensive 
Care Unit (NICU) stay.6-9 Moreover, infants with a birth weight <1000 grams were more 
likely to develop an infection.9 Overall, half of the preterm infants with clinical symptoms 
of LOS showed a positive blood culture, in most cases coagulase-negative staphylococci 
(CoNS).2, 7, 10
Several studies have revealed that preterm infants with a proven infection were more likely 
to develop periventricular leukomalacia (PVL).1, 3 PVL grade II and III (cystic form), 
associated with the worst neurodevelopmental outcome, occurs in up to 1.3 % of the preterm 
infants and is a strong predictor of cerebral palsy.1, 11 A more common brain injury is the 
germinal/intra ventricular hemorrhage (IVH) that affects 30% of the preterm infants.12 IVH 
can be complicated by post-hemorrhagic ventricular dilation or periventricular venous 
infarction. These complications are related to cerebral palsy and cognitive impairment.13-14
Transient abnormalities and changes of the preterm brain during an infection episode have 
not been fully described yet. Moreover, it is important to know how different bacterial 
agents causing LOS may act on the developing preterm brain. Short-term abnormalities 
can be diagnosed using ultrasonography or MRI. MRI as a neuroimaging technique is 
preferred because of its high sensitivity and specificity, but has also disadvantages for a 
preterm infant. MRI cannot be performed bedside and the use of sedatives is frequently 
necessary. Ultrasound as a neuroimaging technique, however, has the advantage it can 
easily be performed longitudinally and bedside.
The aim of this study was to investigate the abnormalities seen on cerebral ultrasound 
during and after LOS. 
Methods
Study population
Preterm infants with a gestational age of <32 weeks and/or birth weight <1500 gram 
admitted to the level III NICU of the VU University Medical Center between March 
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2008 and December 2014. Parents were asked for informed consent to participate in the 
“INFANT” study, a prospective study investigating immunogenetic, pharmacological and 
neurodevelopmental aspects of LOS and meningitis in preterm infants. All preterm infants 
with a suspected LOS were prospectively included. Infants with syndromal or chromosomal 
abnormalities and congenital metabolic disorders were excluded. Informed parental written 
consent was obtained and approval was given by the medical ethical committee of the 
VU University Medical Center. An observational study was performed, due to a lack of 
information on the outcome parameter in this age group it was not possible to perform a 
power calculation to calculate sample size.
Late-onset sepsis
LOS was suspected when one of the following clinical symptoms occurred: hypothermia 
(<36.5 °C) or hyperthermia (>37.5 °C) or temperature instability, hypotension, tachycardia, 
apnea, feeding problems, irritability and/or apathy. Proven LOS was defined as a positive 
blood culture (BACTEC Peds PlusTM/F Medium; Becton Dickinson) after 72 hours of life. 
During analysis, if PCR was available for research purposes, it was used to differentiate 
between causal agents. In case of CoNS an elevated C-reactive protein within two days of 
blood culture was additionally required for a final diagnosis. LOS was considered proven 
if blood culture and/ or PCR turned positive. When blood culture did not turn positive 
but the clinical signs implied antibiotic treatment for seven days, LOS was considered 
probable but not proven.4, 9 
All preterm infants who were suspected for LOS received empirical treatment with 
intravenously administered amikacin and penicillin G for at least two days. Depending 
on the causal agent found by blood culture, this combination of antibiotics was continued 
or was switched to another antibiotic regime. Antibiotics were discontinued, when blood 
culture was sterile and CRP was not elevated. However, in case of clinical LOS or elevated 
CRP, empirical antibiotics were continued for seven days. 
Cerebral ultrasound
Cerebral ultrasound images, which were performed as standard of care, were retrospectively 
collected from the medical chart of the preterm infant and the database of the Radiology 
Department and analyzed. Cerebral ultrasound was performed using a real-time scanner 
(AlokaProsound α7, Aloka co., Ltd., Tokyo, Japan). Images were obtained using a 7.5 MHz 
transducer. Images were recorded in at least five coronal and five sagittal planes using the 
anterior fontanel as an acoustic window. In addition, the mastoid fontanel was used as an 
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acoustic window for observing the midbrain, posterior fossa and the ventricular system. 
Preterm infants with major brain abnormalities seen on ultrasound in the first week after 
birth were excluded from analysis.
During their stay in the NICU, all preterm infants underwent at least three cerebral ultra-
sounds. One cerebral ultrasound was performed in the first week after birth by a pediatric 
radiologist. The attending neonatologist performed sequential cerebral ultrasounds. At 
least one cerebral ultrasound was performed during LOS. The last cerebral ultrasound was 
performed before discharge. To identify ultrasound abnormalities these findings had to be 
seen in at least two planes. These abnormalities were divided in no or mild abnormalities 
and major abnormalities. 
Grading of the intraventricular hemorrhage (IVH) was according to Volpe15 and periven-
tricular leukomalacia (PVL) according to de Vries et al.16 Mild abnormalities included IVH 
grade I (germinal matrix hemorrhage), grade II (10–50% of the lateral ventricle is filled with 
blood) and PVL grade I (transient echogenicity at least for seven days), inhomogeneous 
and/or seriously increased echogenicity, plexus cysts. Figure 5.1A shows an example of mild 
PVL/echodensities. Major abnormalities included abnormalities of the basal ganglia, IVH 
grade III (>50% of the lateral ventricle is filled with blood, usually with distension of the 
ventricle), periventricular venous infarction, post-hemorrhagic ventricular dilation, PVL 
grade II (small fronto-parietal cystic lesions), grade III (extensive periventricular cystic 
lesions) and grade IV (extensive cystic lesions in the deep white matter). Figure 5.1B shows 
an example of cystic PVL. Images were scored in consensus by IZ and LC.
Figure 5.1: Minor and major brain abnormality on ultrasound images:  A) Periventricular echodensities/





Clinical data were collected from the patients’ medical charts. Maternal variables included 
maternal pre-eclampsia/HELLP syndrome, chorioamnionitis, maternal group B streptococ-
cal infection, usage of steroids and premature prolonged rupture of membranes. Neonatal 
variables included gestational age at birth, birth weight, gender, CRIB-score I (clinical risk 
index for babies), days of ventilation, >24 hours steroid treatment for either respiratory or 
circulatory insufficiency, lumbar puncture for diagnostic reasons, hemodynamic significant 
patent ductus arteriosus (HS-PDA), surgery, necrotizing enterocolitis (NEC) stage II or 
III according to Bell,17 duration of admittance and death.
Statistical analysis
Data were analyzed with SPSS using version 21 (SPSS Inc, Chicago, Illinois, USA). Statistical 
analyses were performed with Chi-square using Fisher’s exact test as appropriate for 
dichotomous data. A probability p-value <0.05 was considered statistically significant.
Results
Patient characteristics
During the study-period, 117 preterm infants (58 male, 59 female) were included. Eighty-
six preterm infants were identified with a proven LOS and 31 preterm infants only had 
clinical symptoms of LOS, as described before. The most frequently observed symptoms 
were apnea, apathy and temperature instability. CoNS (n=67) were the causal agents in 78% 
of LOS. Staphylococcus aureus (n=12), Escherichia coli (n=2), Streptococcus agalactiae (n=1), 
Klebsiella oxytoca (n=1), Gram positive rod (not further specified) (n=1) and a mixture 
of CoNS and Staphylococcus aureus (n=2) were the remaining causal agents. In total six 
preterm infants had a positive cerebrospinal fluid culture. In four infants Staphylococcus 
aureus (n=3) or Escherichia coli (n=1) was found, suggesting meningitis. In two CoNS 
were found, possibly due to contamination. 
The characteristics of the maternal and neonatal data of both groups are shown in Table 
5.1, showing only significant differences between type of infection groups in gender, 
confirming the overrepresentation of CoNS infection in the study group.































































































































































































































































































































































































































































































































































































































































































































Major abnormalities on cerebral ultrasound
In total, 409 cerebral ultrasounds (mean 3 per infant, range 2–5) were collected. Mild 
white matter abnormalities were seen in approximately one third of the patients, both in 
the proven and clinical LOS group.
The initial cerebral ultrasound (n=114) performed in the first week of life showed major 
abnormalities in four out of 114 preterm infants. These four infants showed an intraven-
tricular hemorrhage with venous infarction and were excluded for analysis. In none of these 
infants brain abnormalities worsened after an infection episode. Two of these four infants 
died due to redirection of care due to the combination of severe cerebral abnormalities and 
multiple organ failure following the infectious episode. In three infants no initial ultrasound 
was available. An overview of all brain abnormalities is shown in Table 5.2.
Table 5.2: Brain abnormalities seen on cerebral ultrasound during and/or after LOS*
Proven LOS (n=84) Clinical LOS (n=29)
CNS (n=66)           Others (n=18)
IVH grade I (n) 6 4 2
IVH grade II (n) 5 1 1
IVH grade III (n) 1 1 1
IVH grade IV (n) 0 0 0
PHVD (n) 0 1 0
PVL grade I (n) 23 4 10
PVL grade II (n) 0 0 0
PVL grade III (n) 0 0 0




* Preterm infants with major brain abnormalities in the fi rst week after birth were excluded.
LOS, late-onset sepsis; CNS, coagulase-negative staphylococci; IVH, intra ventricular hemorrhage; PHVD, 
posthemorrhagic ventricular dilation; PVL, periventricular leukomalacia; n, number.
Nine preterm infants, two with only clinical symptoms of LOS and seven with a proven 
LOS (six with positive blood culture and/ or PCR, one with positive PCR), developed 
major brain abnormalities during or following their infectious episode (Tables 5.3 and 5.4). 
Two of these infants developed major brain abnormalities two days prior to the suspected 
infectious episode.
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In the group of infants who developed major brain abnormalities during or following LOS 
(n=7) blood culture revealed Staphylococcus aureus (n=2), CoNS (n=3) and Escherichia coli 
(n=1). One preterm infant had both LOS caused by Streptococcus agalactiae and meningitis 
with Escherichia coli as causal agent. 
Both patients with LOS caused by Staphylococcus aureus (n=2) showed echodensities of 
the thalamus, which was an indication of a thalamus infarction. This was confirmed with 
MRI, which was performed at 40 weeks gestational age of the preterm infant. In both 
patients had iv catheters, but no thrombi on the tip or nearby the tip were found when 
investigated by ultrasound.
Table 5.3: Major brain abnormalities seen on cerebral ultrasound during and/or after LOS*
Case number Infection Major abnormalities* PCR confi rmed
# 17 Staphylococcus aureus Infarction of the thalamus Yes
Intraventricular hemorrhage Grade II
# 22 Escherichia coli Intraventricular hemorrhage Grade III Yes
Posthemorrhagic ventricular dilatation
# 33 Coagulase-negative 
staphylococci
Echodensities thalamus Yes
# 49 Streptococcus agalactiae Ventriculitis Yes
Widening of the ventricles
# 50 Staphylococcus aureus Intraventricular hemorrhage Grade I Yes
Infarction of the thalamus
# 72 Coagulase negative 
staphylococci
Echodensities of the basal ganglia Yes
Periventricular leukomalacia Grade I
Loss of white matter
Widening of the ventricles
# 97 Coagulase negative 
staphylococci
Intraventricular hemorrhage Grade III No PCR available
* Preterm infants with major brain abnormalities in the fi rst week after birth were excluded.
Table 5.4: Major brain abnormalities seen on cerebral ultrasound during and/or after an episode of 
clinical symptoms of LOS, with a negative blood culture and negative PCR
Case number Major abnormalities*
# 26 Intra ventricular hemorrhage Grade III + IV
Venous infarction
Widening of the ventricles
# 35 Periventricular leukomalacia Grade IV
Loss of white matter
Chapter 5
68
In addition, the infants with a proven CoNS LOS (n=3) showed in one infant an intra-
ventricular hemorrhage grade III and in two infants echodensities of the basal ganglia. 
In all these infants the abnormalities were observed after onset of the infectious episode. 
One of them developed a periventricular leukomalacia and loss of white matter tissue and 
eventually died due to therapy resistant respiratory insufficiency. In the other infant, the 
echodensities of the basal ganglia, seen during the infectious episode on ultrasound, were 
no longer visible on MRI at term age. Escherichia coli was isolated from cerebrospinal fluid 
indicating meningitis in combination with LOS caused by Streptococcus agalactiae in one 
patient. Another infant with proven LOS with Escherichia coli meningitis was suspected, 
however cerebrospinal fluid remained sterile. On ultrasound both infants presented the 
image of ventriculitis and ventricular hemorrhage resulting in dilatation of the ventricles.
In the group with only clinical symptoms of LOS (n=31), two preterm infants developed 
major brain abnormalities on cerebral ultrasound; one infant developed intraventricular 
hemorrhage bilaterally with venous infarction and ventricle dilatation, that occurred two 
days prior to the presentation of clinical symptoms of infection; one infant developed cystic 
PVL four weeks after the infectious episode (Table 5.3).
Overall, during and/or after an infection episode no significant differences (p=0.624) were 
found in incidence of major abnormalities detected on cerebral ultrasound between the 
group of preterm infants with a proven LOS and the group with a probable LOS (clinical 
symptoms but negative blood culture).
Discussion
This study shows that during a sepsis episode there is no difference in major brain ultra-
sound abnormalities between infants with a proven LOS and infants with only clinical 
symptoms of LOS. In two infants abnormalities were found prior to the sepsis episode, 
which might suggest other mechanisms might be of importance. Mild white matter 
abnormalities are present in one third of all patients.
The overall findings of the current study are not in line with earlier studies, indicating that 
culture positive sepsis is an important risk factor for ventricular dilation, periventricular 
leukomalacia (PVL) and intraventricular hemorrhage (IVH) in preterm infants.3, 4, 18-20 A 
possible explanation might be that in our study coagulase-negative staphylococci were 
responsible for 78% of the proven LOS. Only three preterm infants developed a proven 
LOS caused by gram negative bacteria and one preterm infant a proven meningitis caused 
by Escherichia coli. In our study population, LOS caused by CoNS was not associated 
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with more echo abnormalities in general than other causal agents or clinical infection 
episodes. 
Earlier studies have shown that gram-negative bacteria cause the highest mortality among 
preterm infants.9, 21 Our findings support these results; two out of four preterm infants 
who developed an infection caused by gram-negative bacteria died during the infection 
episode. The current study also showed that an infection with Escherichia coli has the 
largest impact on the developing brain; two out of three preterm infants developed major 
brain abnormalities (e.g. ventriculitis and ventricular hemorrhage grade III), which in 
both cases resulted in dilation of the ventricles. These findings suggest that infection with 
gram-negative bacteria not only have a large impact on the mortality rates, but may also 
cause short-term changes of the developing preterm brain. Therefore, cerebral MRI after 
a proven LOS has to be considered.  
An unanticipated finding in our study was that 14% (n=2) of the preterm infants infected 
with Staphyloccocus aureus, developed abnormalities of the thalamus without other major 
brain abnormalities on cerebral ultrasound. 
Hemodynamically significant patent ductus arteriosus (HS-PDA) alone is a known risk 
factor for major brain abnormalities.22-24 In the present study we observed that preterm 
infants with a HS-PDA were more prevalent in the group with only clinical symptoms of 
LOS. Possibly, a HS-PDA mimics the clinical symptoms of LOS, leading to an overestimation 
of the number of preterm infants with probable LOS. 
Strengths of our study include its prospective element. Because of the prospective design of 
this study, PCR could be used to differentiate between causal agents found by blood culture. 
Blood culture is the gold standard for diagnosis of LOS in preterm infants, but adding PCR 
increases the specificity of bacteria causing LOS by informing us about the specific bacterial 
load.25-26 Furthermore, long term follow up will be achieved for all included preterm infants 
over time which will provide more information about the neurodevelopmental outcome 
of preterm infants with minor and major brain abnormalities seen on cerebral ultrasound 
during a sepsis episode.
We also acknowledge several limitations of our study. This is a single center study with a 
relatively small number of preterm infants that were included in this study. Due to our strict 
criteria for suspicion of LOS and thus inclusion in our study, most of the preterm infants 
had a positive blood culture. As a result the reference group without positive blood culture 
is limited. This, and the rare occurrence of adverse outcome, does not allow statistical 
modelling. Furthermore, the high incidence of CoNS limits the number of other infections 
in this study group, leading to a small group of patients with a proven LOS caused by other 
Chapter 5
70
bacteria. Therefore, it is difficult to assess the prevalence of major brain abnormalities in 
LOS caused by other bacteria than coagulase-negative staphylococci. Cerebral ultrasound 
images were analyzed. Not all preterm infants in our study had been subjected to three 
cerebral ultrasounds (13%). Further studies are needed before the association between LOS 
and the development of brain abnormalities can be more clearly understood. In fact, to 
minimize missing data cerebral ultrasound images should have been prospectively gathered 
the day at onset (day 0), day 3 and day 7 after the onset of (probable) LOS. 
In conclusion
This study cerebral ultrasound imaging has shown that only two of the 66 preterm infants 
with a proven LOS caused by CoNS developed major cerebral abnormalities. These 
findings might suggest a minor role in at least short-term term effects of coagulase-
negative staphylococci in the developing preterm brain. For now follow-up of these 
preterm infants, has to specify if the short-term outcome of CoNS is a good predictor in 
the neurodevelopmental outcome further in life.
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Motor outcome in preterm infants 
with and without nosocomial infection 
during NICU admittance at six and 
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Background and objective: 
Is early gross motor development delayed in preterm infants who experienced 
late-onset sepsis?
Methods:
Prospective cohort study collecting preterm infants <32 weeks gestational age 
and/or <1500 grams admitted to the level III Neonatal Intensive Care Unit with 
suspected late-onset sepsis (LOS).
Results:
In 117 infants one or more episodes of suspicion of LOS were analysed. In 86 
infants bacterial culture turned in positive. Twelve infants died during admission, 
one died after discharge. At six months Alberta Infant Motor Scale (AIMS) 
scores differed significant between groups with (n=62) or without (n=20) proven 
LOS (p=0.050) in favour of the LOS group. In the proven LOS group AIMS 
significantly declined from six to twelve months (p=0.004). A trend in lower 
AIMS scores at six months was found in a subgroup of infants with necrotizing 
enterocolitis (p=0.059).  
Conclusion: 
Using AIMS differences of gross motor development were detected at six months 
in favor of preterms with late-onset sepsis. At twelve months deterioration was 
observed, suggesting late-onset sepsis might affect motor development later on. 
An additional finding is a trend to lower AIMS scores at six months, found in 












The incidence of prematurity is approximately 7.7% of all births in the Netherlands. In 
1.3% of all births the gestational age is less than 32 weeks.1 Prematurity is associated with 
increased mortality and morbidity.2 This includes somatic problems such as lung disease 
and retinopathy and also impaired psychomotor development with associated learning 
disabilities, which is an important outcome parameter of neonatal intensive care treatment.3
During admission to the intensive care unit many hazardous episodes will occur, com-
promising the development of the infants brain and thereby the long term psychomotor 
outcome. One of the associated risk factors for impaired neurodevelopmental outcome is 
sepsis.4, 5 Preterm and low birth weight infants have a high risk of acquiring nosocomial 
sepsis up to 33% in preterms under 28 weeks gestational age, associated with length of 
hospital stay and need for invasive devices. Another factor might be an immature immune 
system.6, 7 
Dammann et al. described an association of intraventricular hemorrhage or periventricular 
white matter lesions and pro-inflammatory cytokines like IL-6 due to intra-uterine infec-
tion.8 White matter injury has a role in disturbance of cerebral networking and control and 
modulation of the motor system and thus on neurodevelopmental outcome.9 
Long term motor outcome is one of the most important outcome parameters of neonatal 
intensive care. Mitha et al. reported a higher incidence of cerebral palsy following 
neonatal sepsis compared to infants without an infectious episode during admittance.10 
Early detection of developmental delay is desirable, to implement early intervention in 
order to improve long term outcome. Several screening tools are used for assessment of 
neurodevelopment at different ages.
One of the screening tools for gross motor development in early infancy is the Alberta 
Infant Motor Scale (AIMS). The AIMS is designed to measure gross motor skills from term 
equivalent age including independent walking, sit and stand.11 Components tested in the 
AIMS are weight bearing properties, posture and antigravity movements.12 Though this 
scale was not designed as a predictive tool, it has moderate to excellent predictive validity. 
It can be used to classify the infants development as normal or suspicious/ abnormal at 
twelve months corrected age.13
The aim of this study is to analyze whether early gross motor development is different in 
preterm infants who experienced late-onset sepsis during their Neonatal Intensive Care 




Prospective cohort study collecting preterm infants <32 weeks gestational age and/or <1500 
grams admitted to the level III Neonatal Intensive Care Unit of the VU Medical Center 
between March 2008 and December 2014 suspected of late-onset sepsis (LOS). Preterms 
with syndromal or chromosomal abnormalities and congenital metabolic disorders were 
excluded. Written informed parental consent was obtained and approval was given by the 
medical ethical committee of the VU University Medical Center.
LOS was suspected when one of the following clinical symptoms occurred: hypothermia 
(<36.5 °C) or hyperthermia (>37.5 °C) or temperature instability, hypotension, tachycardia, 
apnea, feeding problems, irritability and/or apathy. Venapuncture and lumbar puncture 
were performed to obtain cultures. LOS was defined as a positive blood culture after 72 
hours of life. In case of coagulase-negative staphylococci (CoNS) an elevated C-reactive 
protein (CRP) within two days of blood culture was required for a final diagnosis. When 
blood culture did not turn positive but the clinical signs implied antibiotic treatment for 
seven days, LOS was considered probable but not proven. 
All preterm infants who were suspected for LOS received treatment with intravenously 
administered amikacin and penicillin G for at least three days. Depending on the causal 
agent found by blood culture, this combination of antibiotics was continued or was switched 
to another antibiotic regime. If the blood culture was sterile and CRP was not elevated, 
antibiotics were discontinued. However, in case of clinical LOS and/or elevated C-reactive 
protein, antibiotics were continued for seven days.
Clinical data were collected from the patients’ medical charts. Neonatal variables included 
gestational age at birth, birth weight, gender, days of ventilation, >24 hours steroid 
treatment for either respiratory or circulatory insufficiency, intraventricular hemorrhage 
according to Papile,14 lumbar puncture, hemodynamic significant patent ductus arteriosus 
(HS-PDA), surgery, necrotizing enterocolitis (NEC) stage II or III according to Bell15 
and bronchopulmonary dysplasia grading according to Jobe.16 Surgical interventions 
were defined as abdominal, cardiac and ophthalmological surgery, or surgery for other 
indications.
All surviving patients were invited for the outpatient clinic follow-up at six and twelve months 
corrected age. During this visit physical examination was performed by a neonatologist, and the 
Alberta Infant Motor Scale was assessed by a pediatric physiotherapist and expressed in Z-scores.
Statistical analysis was performed with SPSS using version 21 (SPSS Inc, Chicago, Illinois, 
USA). Statistical analyses were performed with Chi-square using Fisher’s exact test as 
appropriate for dichotomous data and T test for paired data. For independent data the 
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independent T test was used. A probability p-value < 0.05 was considered statistically 
significant.
Results
The patient characteristics are stated in Table 6.1. Due to inclusion criteria of gestational age 
<32 weeks and/or <1500 gram there is a broad range in these variables. Major co-morbidity 
is stated in Table 6.2. In nine patients the indication for surgery was gastro-intestinal 
Table 6.1: Patient characteristics (n=117)
Patient characteristics N (%) or median (range)
Gestational age (wks) 28 0/7 (24 0/7 – 39 5/7)
Birth weight (grams) 1000 (405 – 1965)
Birthweight SDS 0.12 (-5.10 – +3.02)
Head circumference (cm) 25.0 (20.0 – 32.0)
Head circumference SDS -0.29 (-8.61 – +2.45)
Apgar score 5 min 8 (2 – 10)




Median (minimum-maximum); wks, weeks; SDS, standard deviation score.
Table 6.2: Major co-morbidity
Morbidity Incidence (%)
RDS ≥ grade III 37 (31.6)
Need for mechanical ventilation 59 (50.4)
NEC ≥ grade II 20 (17.1)
Need for inotropes 3 (2.6)
IVH ≥ grade II 13 (11.1)
PVL 6 (5.1)
Surgical intervention 10 (8.5)
Corticosteroid use postpartum 19 (16.2)
BPD 23 (19.7)
RDS, Respiratory distress syndrome; NEC, Necrotizing enterocolitis; IVH, Intraventricular Hemorrhage; PVL, 
Periventricular leukomalacia; BPD, Bronchopulmonary dysplasia. 
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problems, in one for placement of central venous lines. In Table 6.3 the causal agents in 
the blood culture are presented. Of the 117 patients, 21 patients had two and one patient 
had three infectious episodes to be analyzed in this study. If patients had more than one 
infectious episode the causal agents were stated separately. In 32 of the 117 patients, blood 
culture revealed no micro-organisms, three of these patients had two clinical infectious 
episodes in which both blood cultures were negative. Of the 117 patients suspected LOS 
in total 85 were proven with positive blood cultures, of the 32 patients with negative blood 
cultures 14 were treated with antibiotics for seven days due to clinical symptoms and in 18 
antibiotics were discontinued after 48 hours due to negative blood culture and no clinical 
suspicion of LOS.
Cerebral fluid was obtained in 68 patients of which 61 samples showed no micro-organisms, 
in three coagulase-negative staphylococci were found and in four patients Staphylococci 
aureus were isolated.
Of the cohort 12 patients died during admission, one deceased after discharge due to 
progressive neuromuscular disease. 
Table 6.4 presents biometric parameters at birth, six and twelve months corrected age. No 
differences are seen between the groups with or without proven LOS (resp. n=85 and 32). 
Nor was a difference in the prevalence of chorioamnionitis between both groups (28.6% 
vs 31.3%, p=0.821). Table 6.5 presents gross motor development at six and twelve months 
corrected age. At six months AIMS Z-score a significant difference in favor of the sepsis 
group (median Z-score (minimum-maximum) in proven LOS group -0.64 (-2.78 – +0.80) 
versus -1.14 (-2.29 – +0.80) in the non-proven LOS group, p=0.050). This difference 
could not be reproduced at twelve months corrected age (median Z-score in proven LOS 
group -0.89 (-5.22 – +0.66) versus -0.69 (-6.336 – +0.31) in the non-proven LOS group, 
Table 6.3: Causal infectious agents in blood culture







Gram positive rod, not further specifi ed 1
CoNS, Coagulase-negative staphylococcus.
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p=0.378). Differences in AIMS Z-score at six and twelve months were not significant 
whether meningitis was present or not (p-value resp. 0.763 and 0.160). Table 6.6 shows 
the changes in head circumference and AIMS over time.
In our cohort 75% of the positive blood cultures revealed presences of coagulase-negative 
staphylococci. When dividing the LOS group in LOS with other causal agents than 
coagulase-negative staphylococci versus non-proven LOS no significant difference could 
be found (six months p=0.687, twelve months p=0.083). However, at six months, the 
AIMS between the group with infection by coagulase negative staphylococci (n=50) to 
the group with late-onset sepsis by other causal agents (n=12) is significant different in 
favor of the CoNS group (p=0.008). This difference could not be demonstrated at twelve 
months (p=0.219).
With respect to co-morbidity six month AIMS Z-scores showed a trend to lower scores 
in patients with necrotizing enterocolitis (Table 6.7). In total four patients with NEC did 
not survive. Surgery was performed in nine patients, in five because of complications of 





Birth weight 0.11 (-2.39 – +3.02) -0.14 (-5.10 – +2.80) 0.669
Birth HC -0.24 (-2.22 – +2.45) -0.36 (-8.61 – +1.70) 0.252
Gestational age (wks) 28 0/7 (24 0/7-33 4/7) 28 0/7 (24 2/7 – 39 5/7) 0.888
Weight 6 months -0.28 (-2.87 – +2.60) -0.69 (-2.70 – +1.98) 0.201
HC 6 months -0.22 (-2.08 – +2.07) -0.30 (-2.15 – +1.56) 0.321
Weight 12 months -0.91 (-2.89 – +2.44) -1.23 (-3.85 - +1.47) 0.347
HC 12 months -0.49 (-2.14 – +1.93) -0.36 (-2.14 – +1.57) 0.952
LOS, late-onset sepsis; HC, head circumference.
Weight and head circumference stated in median standard deviation scores (minimum – maximum), 
gestational age stated in weeks (median, minimum and maximum), Mann Whitney U test.












6 months 62/85 -0.64 (-2.78 – +0.80) 20/32 -1.14 (-2.29 – +0.80) 0.050
12 months 65/85 -0.89 (-5.22 – +0.66) 20/32 -0.69 (-6.336 – +0.31) 0.378




NEC, in four because of solitary perforation without signs of NEC. No differences were 
found between the groups with or without surgery (p=0.120). Two of the nine patients 
who had surgery did not survive. In 80% (n=16) of the patients with NEC blood culture 
was positive: in 11 patient CoNS was found and in five other causal agents (S. aureus, 
Klebsiella and E. coli). 
Incidence of other co-morbidity did not reveal any differences between the proven and 
no proven LOS groups.
Discussion
In our study a significant differences were found in six month neurodevelopmental outcome 
between the patient groups with or without proven late-onset sepsis was found in favor of 
the proven infection group, as measured with the AIMS. Though at twelve months infants 





























LOS, late-onset sepsis; HC, head circumference, stated in median standard deviation scores (minimum-
maximum); AIMS, Alberta Infant Motor Scale, stated in median (minimum-maximum), Wilcoxon Signed 
Rank test.
Table 6.7: Comorbidity in neonatal period and AIMS at six months
Present Absent p-value
RDS ≥ grade III -0.67 (-2.57 – +0.80) -0.77 (-2.78 – +0.80) 0.940
Need for mechanical ventilation -0.75 (-2.78 – +0.80) -0.67 (-2.15 – +0.80) 0.985
NEC ≥ grade II -1.05 (-2.57 – +0.38) -0.60 (-2.78 – +0.80) 0.059
IVH ≥ grade II -0.60 (-1.51 – +0.80) -0.72 (-2.78 – +0.80) 0.973
PVL I-III -0.71 (-1.51 – +0.13) -0.70 (-2.78 – +0.80) 0.876
Surgical intervention -1.02 (-2.15 – -0.60) -0.67 (-2.78 – +0.80) 0.120
BPD -0.78 (-2.29 – +0.31) -67 (-2.78 – +0.80) 0.876
AIMS, Alberta Infant Motor Scale; RDS, Respiratory distress syndrome; NEC, Necrotizing enterocolitis; IVH, 
Intraventricular Hemorrhage; PVL, Periventricular leukomalacia; BPD, Bronchopulmonary Dysplasia. AIMS Z 
score in median (minimum-maximum), Mann-Whitney U test.
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with a proven LOS deteriorated in neurodevelopmental outcome, whereas infants in the 
non-proven LOS group did not. 
Normal six month outcome after LOS
This might be due to the high incidence of coagulase-negative staphylococci, with their 
relative mild course of disease during hospitalization. However, studies have shown the 
adverse effects of these relative mild infections on long-term outcome.10, 17 
Perhaps six months is too early to screening with AIMS for gross motor developmental 
delay. On the other hand, Prins et al. reported abnormal AIMS at three and nine months 
with normal motor outcome at four years, however these children were less preterm then 
our cohort.18 Another explanation might be the relatively low sensitivity of the AIMS at 
six months of age.19 And finally, the number of infants is skewed in the proven (n=85) and 
non-proven LOS (n=32) groups.
Deterioration between six and twelve months corrected age
We found a trend in lower AIMS scores at six months in patients with necrotizing 
enterocolitis, also with lower scores at twelve months although this difference is less clear 
then in the proven LOS group. The explanation why in infants with NEC the AIMS scores 
already deviate at six months in comparison to the LOS group might be the result of 
protracted inflammatory state during the course of the necrotizing enterocolitis,20 a longer 
hospitalization period and impaired growth. Another factor might be the effect of anesthesia 
during surgery. In general, it is presumed general anesthesia might have effects on the 
development of the preterm brain. One randomized study has been performed showing 
no differences in neurodevelopmental outcome after surgery with local versus general 
anesthesia. However, only half of this cohort was born preterm and surgery was performed 
elective.21 In our study 25% of the patients with NEC underwent surgery due to a protracted 
course to recovery, thus the result of the previous study is hardly applicable to our cohort.
Our patients are also in the patient category dependent on central venous catheters for 
total parenteral nutrition which is an extra risk factor for bloodstream infections.22 
The patients with no proven LOS had lower birth weight, however not significant, and 
had a significant smaller head circumference at birth. These biometrics persisted at six 
months corrected age, however these differences at six months were not significant anymore 
suggesting catch-up of a possible adverse intra-uterine environment. Neurodevelopment 
showed a trend to the detriment of the no proven LOS group during the period of six to 
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twelve months corrected age. One could speculate, the adverse intra-uterine environment 
might have effects on later development as well. In the Netherlands, a specially developed 
follow up program including physiotherapy is initiated to evaluate neurodevelopment 
of the NICU population.23 If a developmental delay is suspected during this follow up 
period, physiotherapeutic intervention is intensified and if required additional treatment 
will be commenced. This intensified physiotherapeutic intervention might explain the 
improvement of neurodevelopment at the corrected age of twelve months. 
Limitations
This study also has several limitations. Several infants experienced two or more infectious 
episodes and only one episode was included in the study, due to ethical or practical causes 
(for example parents withdrew informed consent during the second infectious episode of 
an arterial catheter could not be inserted for sampling). This implicates the possibility of 
more damage done by repeatedly exposure to inflammatory agents in the same patient, 
whereas only one episode has been registered. Also the presence of chorioamnionitis may 
have an effect on long term outcome, although in this cohort no difference in prevalence 
between the proven versus non proven infection groups was demonstrated.
In our cohort a high incidence of coagulase-negative staphylococci is present, in 75% of 
the positive blood cultures. Other studies report incidences of 40 to 60%.7, 22 The course of 
a coagulase-negative staphylococci sepsis tends to be milder than sepsis by other micro-
organisms, which might implicate less detrimental effects of the inflammatory response. 
However delay following coagulase negative staphylococci has been reported.17 
In conclusion 
In this study we detect a difference in early development at six months of age in favor of 
preterms experiencing late-onset sepsis. However, later follow up at twelve months revealed 
aberrant neurodevelopment, suggesting late-onset sepsis nevertheless may be a factor in 
the development of gross motor developmental delay. 
Additionally the patients with NEC, seem more at risk for a deterioration of the develop-
ment, which might be induced by protracted exposure to inflammatory responses and 
thus earlier presentation of gross motor developmental delay.
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Background and objectives: 
Late-onset sepsis is associated with impaired neurodevelopmental outcome in 
preterm infants.
Methods:
This prospective cohort study aims to establish the effect of sepsis after 72 
hours of life on cognitive, psychomotor, and language development of preterm 
infants (below 32 weeks gestational age and/or below 1500 grams). At two years 
corrected age, neurodevelopmental outcome was tested using Bayley Scales 
of Infant Development-II, Lexilijst (lexical development questionnaire) and 
behaviour checklists.
Results:
Of 117 patients included, 85 experienced blood culture proven infection. Coagulase 
negative staphylococci were responsible for 55% of the episodes. No significant 
differences were found in cognitive, motor and behavioural scores or lexi quotient 
comparing patients with versus no proven infection. When comparing three 
groups (coagulase negative staphylococci, other and negative blood culture) a 
significant difference was found in composite cognitive scores (p=0.016), in favor 
of the coagulase negative staphylococci group versus other causal agents group 
(p=0.007). No significant differences were found in other subscales.  
Conclusion: 
In this cohort no differences were found in neurodevelopmental outcome at two 
years corrected age between proven versus no proven infection group, confir-
mation in larger cohorts with a control group is needed. Patients encountering 
coagulase negative staphylococci sepsis showed significant better cognitive 











Long term neurodevelopmental outcome is one of the most important outcome parameters 
of neonatal intensive care. The long term developmental outcome is, however, at risk due to 
the hazardous events that will occur during admission to the neonatal intensive care unit 
(NICU). These events are potentially dangerous for the brain development of the infants 
and may inflict delay in mental and/or psychomotor development. Examples of these 
events are respiratory or circulatory insufficiency, intracranial hemorrhage or resuscitation
Another associated risk factor for impaired neurodevelopmental outcome is sepsis.1, 2 
Preterm and low birth weight infants have a high risk of acquiring late-onset sepsis during 
their admission to the NICU. The risk of late-onset sepsis is ranging from 33% in preterms 
with a gestational age less than 28 weeks to 60% in preterms less than 25 weeks.3 Late-onset 
sepsis is also associated with prolonged hospital stay, length of invasive ventilation and 
need for invasive devices and parenteral nutrition.3 
The adverse effects of late-onset sepsis might be due to the inflammatory response and 
effects of this response on the vulnerable developing brain. Damman et al described an 
association of intraventricular hemorrhage or periventricular white matter lesions and 
pro-inflammatory cytokines like IL-6 due to intra-uterine infection.4 A similar mechanism 
might occur during postnatal infections. White matter injury has a negative impact 
on cerebral networking and control, and modulation of the motor system and thus on 
neurodevelopmental outcome.5 Mitha et al. reported a higher incidence of cerebral palsy 
(CP) following neonatal sepsis compared to infants without an infectious episode during 
admittance.6
In early postnatal period a tremendous change in brain structure and function is demon-
strated,7 which makes the brain vulnerable. Studies showed reduced brain volumes in infants 
after experiencing sepsis,8 An important factor accounting for favorable long term outcome 
in preterm infants is adequate weight gain and growth of head circumference. Full enteral 
nutrition provides better weight gain and less postnatal growth restriction.9 Infection may 
have impact on adequate weight gain in several ways. Due to infection enteral nutrition 
might be less tolerated, leading to cumulative protein and energy deficits, with impaired 
weight gain. Also, as a consequence, due to longer parenteral nutrition supplementation and 
the need for central venous lines, the risk to experience a blood stream infection increases.10 
The aim of this study is to analyze whether neurodevelopmental outcome at two years 
corrected age is compromised in preterm infants with suspected late-onset sepsis, 
comparing infants with proven infection to infants without a proven infection, in particular 




A prospective cohort study was performed collecting data from preterm infants born with a 
gestational age <32 weeks and/or <1500 grams admitted to the level III Neonatal Intensive 
Care Unit of the VU Medical Center between March 2008 and December 2014 suspected 
of late-onset sepsis. Preterm infants with syndromal or chromosomal abnormalities and 
congenital metabolic disorders were excluded. The medical ethical committee of the VU 
University Medical Center approved the study (protocol number 2008/77) and written 
informed parental consent was obtained during the first days of admittance at the NICU. 
Patients were included in the study when a suspicion of late-onset sepsis occurred.
Late-onset sepsis was suspected when one of the following clinical symptoms occurred: 
hypothermia (<36.5 °C) or hyperthermia (>37.5 °C), hypotension, tachycardia, apnea, 
feeding problems, irritability and/or apathy. Late-onset sepsis was defined as a positive 
blood culture after 72 hours of life.11 If the blood culture did not turn positive but clinical 
signs implied antibiotic treatment for seven days, late-onset sepsis was considered probable 
but not proven. If in one of the episodes a causal micro-organism was found, the infant 
was classified as proven infection.
Clinical data were collected from the patients’ medical charts. Patient variables included 
gestational age at birth, birth weight, gender, days of ventilation, >24 hours steroid treatment 
for either respiratory or circulatory insufficiency, intraventricular hemorrhage (IVH) and 
periventricular leucomalacia (PVL) according to Volpe,12 lumbar puncture, hemodynamic 
significant patent ductus arteriosus (HS-PDA), surgery, necrotizing enterocolitis (NEC) 
stage II or III according to Bell13 and bronchopulmonary dysplasia (BPD) according to 
Jobe.14 Surgical interventions were defined as abdominal, cardiac and ophthalmological 
surgery, or surgery for other indications. Positive blood cultures were divided in two groups: 
coagulase negative staphylococci and other micro-organisms for subanalyses.
All surviving patients were invited for outpatient clinic follow-up at term age, and 
at 3, 6, 12 and 24 months corrected age. During this visit physical examination was 
performed, including biometrics. At two years corrected age neurodevelopment was 
assessed according to the Bayley Scales of Infant and Toddler Development II (BSID-
II),15, 16 lexi quotient17, 18 and Child Behaviour Checklist (CBCL)19 by trained pediat-
ric psychologists, who were aware of participants to the study, though unaware of in 
which study group the patients belonged. Maternal education level was registered.
Statistical analysis was performed with SPSS using version 22 (SPSS Inc, Chicago, Illinois, 
USA). Statistical analyses were performed with Chi-square using Fisher’s exact test as 
appropriate for dichotomous data and T test for paired data. For analysis of two or more 
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groups and confounding, multivariate linear regression techniques were used. Possible 
confounders were need for invasive ventilation, need for inotropics, postnatal corticos-
teroids, PVL, NEC or BPD. Confounding was defined as change in regression coefficient 
over 10%. A probability p-value < 0.05 was considered statistically significant.
Results
Patient enrollment and inclusion is demonstrated in Figure 7.1 and patient characteristics 
are described in Table 7.1. During the inclusion period 651 patients would have been 
eligible for inclusion, of which 117 patients were included during an episode of suspicion 
of infection. Ninety-one patients did not experience an episode of suspicion of infection, 
and therefore not included in the study. Of the 117 patients with clinical suspicion of late-
onset sepsis 19 patients had two episodes (of which in six patients both blood cultures 
turned positive, in ten patients one blood culture turned positive and in three none of the 
blood cultures turned positive) and one had three episodes (of which one with positive 
blood culture) of suspicion of late-onset sepsis. 
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In Table 7.2 the causal agents in the blood culture are described. If patients had more 
than one infectious episode the causal agents were stated separately. In 32 of the 117 
patients, blood culture revealed no micro-organisms, three of these patients had two 
clinical infectious episodes in which both blood cultures were negative. Of the 117 patients 
suspected of late-onset sepsis 85 (73%) were proven with positive blood culture. Of the 
32 patient with negative blood cultures 14 patients (12%) were treated with antibiotics 
for seven days due to persistent clinical symptoms and in 18 patients (15%) antibiotics 
were discontinued after 48 hours due to negative blood culture and recovered of clinical 
symptoms for suspicion of late-onset sepsis. 
In 68 patients cerebral fluid could be obtained for culture. In 61 patients, culture of cerebral 
fluid showed no micro-organisms. In three coagulase-negative staphylococci and in four 
patients Staphylococcus aureus were isolated. No significant differences could be found in 
neurodevelopment between patients with proven meningitis versus no meningitis.
In Table 7.3 significant comorbidity is stated. No significant differences were found in 
co-morbidity between groups with or without proven infection.














Gestational age <27 0/7 weeks (n) 33 24 9 >0.999
Gestational age 27 0/7 – 28 5/7 weeks (n) 44 31 13 0.675
Gestational age ≥29 0/7 weeks (n) 40 30 10 0.827














SGA (SDS <2 SDS) 5 2 3 0.125














Male 49.6% 50.6% 46.9% 0.863
Survival 89.7% 89.4% 87.5% 0.259
Mean (SD, standard deviation); LOS, late-onset sepsis; wks, weeks; SGA, small for gestational age; SDS, 
standard deviation score; T test and Fisher exact test.
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Table 7.4 shows the results of the BSID-II, lexi quotient and Child Behaviour Checklist 
at two years corrected age. Of the cohort of 117 patients 90 patients were included in the 
analyses for long term follow up, of which 68 patients in the proven and 22 patients in the 
non-proven infection group. Reasons for lost to follow up were deceased (13, of which 
12 during NICU admission and one after NICU discharge), moved abroad (4), refusal 
for neurodevelopmental testing by parents or patient (4), impossible testing due to poor 
neurodevelopmental outcome (one due to cerebral palsy and one due to a cortical migration 
disorder) and no attendance to outpatient clinic (4).
In the proven late-onset sepsis group 68 patients were tested (80%), in the non-proven 
late-onset sepsis group 22 (69%). No statistical significant differences were found in 
cognitive, motor and behavioural scores or in lexi quotient indicating comparable 
Table 7.2: Causal infectious agents in blood culture
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RDS ≥ grade III 37 (31.7) 24 (28.2) 13 (40.6) 0.265
Need for mechanical ventilation 59 (50.4) 42 (49.4) 17 (53.1) 0.836
NEC ≥ grade II 20 (17.1) 16 (18.8) 4 (12.5) 0.584
Need for inotropes 3 (2.6) 3 (3.5) 0 (0) 0.561
IVH ≥ grade II 13 (11.1) 9 (10.6) 4 (12.5) 0.749
PVL 6 (5.1) 4 (4.7) 2 (6.3) 0.664
Surgical intervention 9 (7.7) 7 (8.2) 2 (6.3) >0.999
Corticosteroid use postpartum 19 (16.4) 14 (16.5) 5 (15.6) >0.999
BPD 23 (19.7) 14 (16.5) 9 (28.1) 0.193
LOS, late-onset sepsis; RDS, Respiratory distress syndrome; NEC, Necrotizing enterocolitis; IVH, Intraventric-
ular Hemorrhage; PVL, Periventricular leukomalacia; BPD, Bronchopulmonary dysplasia, Fisher exact test.
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neurodevelopmental outcomes in both groups. Also, when comparing the proven late-onset 
sepsis group (68 patients tested, 80%) to the group in which antibiotics were discontinued 
after 48 hours (12 patients tested, 38%) no significant differences could be demonstrated 
in either of these neurodevelopmental outcome scores.
In Table 7.5 the effects of infection on the different domains are presented. Confounding 
analyses revealed PVL and BPD as confounding factors. When correcting for those 
confounders (PVL and BPD) the effects decrease substantially, except the effect on 
behavioural score. 
Maternal highest educational level was also taken into account. No differences in maternal 
education between the groups were found (p=0.381). In multivariate analyses no significant 
difference could be shown of maternal education. 
The group experiencing late-onset sepsis had a trend to a higher risk on poor outcome, 
defined as BSID-II composite cognitive and/or motor score <-1 SD of general population 
scores, or dead (p=0.068). 
Early markers of possible brain damage, e.g. echodensities on cerebral ultrasound were 
not associated with differences in the different domains of neurodevelopment (cognitive, 
motor, and behavioural scores or lexi quotient). Also when comparing the major ultrasound 
abnormalities no significant differences could be demonstrated.
Due to the high representation of coagulase negative staphylococci (55 patients of the follow 
group), with a possible milder clinical course and long term effects, the study population 
has been divided in three groups: coagulase negative staphylococci, other and no proven 
infection. A significant difference was found in the composite cognitive score subscale 





Corrected age at testing 24m 15d (47d) 24m 12d (28d) 0.759
Composite cognitive score (BSID-II) 100 (9.0) 98 (13.90) 0.276
Composite motor score (BSID-II) 100 (9.4) 99 (12.3) 0.687
Lexi quotient (Lexilijst) 91 (16.1) 88 (18.2) 0.489
Total behavioural score (CBCL) 26 (14.9) 30 (21.2) 0.283
Total internalizing score (CBCL) 5 (4.3) 8 (7.9) 0.171
Total externalizing score (CBCL) 12 (7.5) 12 (7.6) 0.908
Mean (standard deviation). LOS, late-onset sepsis; m, months; d, days. T test.
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(p=0.016). Subanalyses show the difference in favor of the coagulase negative staphylococci 
group vs the other causal infectious agents group (p=0.007), see Figure 7.2. No significant 
differences were found in the other subscales (composite motor score, lexi quotient and 
behavioural scores) between the three groups.
Discussion
Long term neurodevelopmental outcomes after admission at the NICU for prematurity is 
at risk. One of the potential risk factors is late-onset sepsis. Therefore, the present study 
investigated the effects on long term psychomotor outcome in preterm infants suspected 
of late-onset sepsis.
No differences in neurodevelopmental outcome at two years corrected age could be 
demonstrated between groups with or without proven infection. One could suggest this 
last group might have been going through serious other co-morbidity e.g. intracerebral 
pathology, protracted respiratory support for which postnatal corticosteroids were 
administered, and therefore demonstrate impaired neurodevelopmental outcome. However, 
these differences in co-morbidity in both subgroups could not be demonstrated as shown 
in Table 7.3.
Coagulase negative staphylococci mono-infection represented more than half of all 
episodes of late-onset sepsis, in 65 patients (55%). The other four had a second episode 
with a positive blood culture with another microorganism. In literature high incidences of 
coagulase negative staphylococci are reported.3 Conflicting results of coagulase negative 
Table 7.5: Eff ects on neurodevelopment no proven versus proven late-onset sepsis
Regression 
coeffi  cient
95% Confi dence 
interval p-value
Composite cognitive score, crude 2.567 -2.090 – +7.223 0.276
Composite cognitive score, adjusted* 1.892 -2.871 – +6.655 0.432
Composite motor score, crude 1.022 -4.003 – +6.047 0.687
Composite motor score, adjusted* 0.746 -4.452 – +5.943 0.776
Lexi quotient, crude 3.520 -6.605 – +13.644 0.489
Lexi quotient, adjusted* 0.871 -9.038 – +10.780 0.861
Total behavioural score, crude -4.776 -13.564 – +4.012 0.283
Total behavioural score, adjusted* -5.139 -16.019 – +3.672 0.241




staphylococci infections have been reported in previous studies. Alshaikh et al. state 
coagulase negative staphylococci is associated with increased risk for cognitive delay and 
major disability.20 In contradiction, Mittendorf et al. state these infections are not associated 
with poor neurodevelopmental outcome.21 Previous studies in infants with coagulase 
negative staphylococci infections showed a low C-reactive protein (CRP) in approximately 
one third of the episodes.22 Possibly, the inflammatory cascade is less activated. This might 
suggest a lower inflammatory response and possibly less detrimental effects on long term 
neurodevelopmental outcome.
In our study we demonstrated a significant difference for composite cognitive score in 
favor of patients experiencing late-onset sepsis caused by coagulase negative staphylococci 
in comparison to other causative agents. However it is important to note that the majority 
Figure 7.2: Comparison of BSIDII, lexilijst and child behavioural scores at two years of age of CoNS, other 
infections and no proven infection groups (* p=0.007; T test, CoNS: coagulase negative staphylococci). 
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of this cohort attending follow-up experienced coagulase negative staphylococci sepsis 
(55/90). Thirteen patients attending follow-up had a causative agent other than coagulase 
negative staphylococci. No differences were demonstrated in the other domains. Long term 
cognitive outcome is also known to be influenced by maternal education.23 However, no 
significant effect of maternal education level could be demonstrated. In future studies the 
influence of these socio-economic effects should be studied more extensively.
In an earlier publication cerebral ultrasound abnormalities were explored as an early indi-
cator for adverse neurodevelopmental outcome. In line with the relatively good prognosis 
of coagulase negative staphylococci infections we did not find major brain damage in this 
cohort using cerebral ultrasound.24 This finding is in consistency with the normal scores 
on the BSID-II at two years of age, corrected for prematurity. 
The present study has some limitations. Due to the high representation of coagulase negative 
staphylococci the effect of other infectious agents are underexposed. On the other hand, 
the high incidence of coagulase negative staphylococci is common practice in level III 
NICU’s and thus representative for this patient group.
The control group consisting of patients without proven infection is relatively small 
in comparison to the proven infection group. In addition, the group without proven 
infection can contain patients with an infection, but not have a positive blood culture. 
This might influence the neurodevelopmental outcome negatively in the control group 
and therefore, differences between groups become less. However, no statistical different 
neurodevelopmental outcome could be demonstrated in subanalysis comparing the proven 
infection group to the group in which antibiotics were discontinued after 48 hours. One 
could also argue the load of infectious agents is lower, and possibly the inflammatory 
cascade is less activated as mentioned before. Future research into inflammatory cytokines 
and their role in the inflammatory cascade and subsequent effect on neurodevelopmental 
outcome might give further insights. Also a larger cohort with a substantial control group, 
and considerable long term follow-up,25 might elucidate possible effects of inflammation 
in patients suspected of late-onset sepsis with negative blood culture. Though a control 
group with preterm infants without any sign of infection, will be challenging. Surrogate 
markers as CRP or procalcitonin might be needed to construct a “control group”.26
In conclusion
In this study in preterm born infants no differences in neurodevelopmental outcome at 
two years corrected age could be demonstrated between the groups with or without proven 
infection on neurodevelopmental outcome at two years corrected age in preterm infants. 
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This finding needs replication in larger cohorts with a substantial control group. Patients 
experiencing coagulase negative staphylococci sepsis have a significantly better cognitive 
outcome in comparison to other causal infectious agents.
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The general aim of this thesis was to identify predictors for long term neurodevelopmental 
outcome in term and preterm born infants after perinatal and neonatal events. Therefore 
different modalities (e.g. cerebral ultrasound, Near InfraRed Spectroscopy and MRI) to 
predict long term neurodevelopmental outcome in newborns were studied. 
Part 1: Perinatal predictors
In term born infants complications during birth are important risk factors for impaired 
neurodevelopmental outcome. Acute blood loss of the newborn infant is one of these 
complications. Many events could inflict anaemia, e.g. foetomaternal hemorrhage and 
exsanguination due to hemorrhage from the placenta or vasa praevia. Less frequent causes 
are umbilical cord rupture or acute twin-to-twin transfusion. Due to an acute decrease 
of circulating blood volume and thereby oxygen delivery, cerebral hypoxia may occur. 
Mechanisms inducing cerebral damage have been studied mainly in term infants expe-
riencing perinatal asphyxia. Due to brain maturation and increased metabolic demands, 
the deep grey matter nuclei and central cortex are likely to be affected during an acute 
hypoxic-ischaemic insult.1 However, also other injury patterns have been described in term 
infants,2 including white matter injury, which is considered to be due to more prolonged 
and repetitive hypoxic-ischaemic events.
Many studies have been performed investigating effects of perinatal asphyxia due to 
several underlying causes, however, the component inflicted by acute anaemia has 
not been addressed before. In a retrospective study (chapter 2) we found white matter 
abnormalities on MRI images of the brain in infants who suffered from acute anaemia as 
the main pattern of brain injury. Our data show, that if the perinatal asphyxia component 
is limited and grey matter injury is absent, the long term neurodevelopmental outcome 
of these infants appears to be more favourable. Next to the effect on motor outcome, it is 
important to determine the implications of acute neonatal anaemia on higher cognitive 
functions, which will become increasingly important when these children attend school. If 
more information about these long term outcome parameters become available by future 
research, indicating that the favourable development persists at school age, parents can 
be conciliated with a favourable prognosis if acute anaemia occurs without an evident 
component of perinatal asphyxia. 
Stages and Ages Questionnaires (ASQ) has shown to be a useful method for screening 
purposes in a larger cohort over a longer period of time. Moreover, this parent-based 
questionnaire requires minimal effort and time of parents. A gross impression can be 
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obtained of the neurodevelopment addressing five different neurodevelopment domains: 
communication, gross motor skills, fine motor skills, problem solving capacity and social 
emotional development. The questionnaire can be used to screen subsequent ages and 
thus can longitudinally follow the development of children. In chapter 3 we used the ASQ 
screening tool to compare a historical cohort experiencing perinatal asphyxia. Therapeutic 
hypothermia has been implemented sequentially on all NICU’s in the Netherlands. A 
facilitated comparison of an intervention as therapeutic hypothermia in the Netherlands, 
is at present time impossible since for years therapeutic hypothermia is standard of care 
for perinatal asphyxia. Even in this small cohort studied, a better long term outcome in the 
hypothermia group was shown, supporting the low number needed to treat for therapeutic 
hypothermia.3 
In the Netherlands, therapeutic hypothermia following perinatal asphyxia is considered 
in infants over 36 0/7 weeks gestational age. In several studies minimal gestational age 
criteria for therapeutic hypothermia was set on 34 or 35 weeks gestational age.3, 4 It would 
be interesting to investigate whether this favourable effect of hypothermia is also present 
in preterm infants with a lower gestational age as well. On the other hand, it is known that 
hypothermia at admission in preterm infant under 28 weeks gestational age is associated 
with increased morbidity and mortality.5 To investigate at what gestational age one finds 
the turning point from harm to benefit for inducing therapeutic hypothermia in infants 
with perinatal asphyxia would be of great interest.
Part 2: Postnatal predictors
Postnatal risk factors for impaired neurodevelopmental outcome in term and preterm 
infants are various. However, the implications of these risk factors might be dependent 
on gestational age. In this part of the thesis we investigated the early and late effects of 
late-onset sepsis in a cohort of preterm infants.
We hypothesized that a possible disturbance in cerebral autoregulation might occur 
during late-onset sepsis. Cerebral autoregulation can be monitored by using Near Infrared 
Spectroscopy (NIRS). In chapter 4 we monitored a cohort of preterm infants during the first 
72 hours of late-onset sepsis by NIRS. This was a subgroup of a larger group of children 
(n=117). 
In the whole cohort and also in the NIRS cohort coagulase staphylococcus (CoNS) was the 
main causal micro-organism. In literature reference values for regional cerebral oxygenation 
(rScO2) and relative cerebral fractional oxygen extraction (cFTOE) have been published for 
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the first three days of life.6 However, comparing our data to these best available reference 
values no significant differences for rScO2 and cFTOE could be demonstrated during the 
episode of late-onset sepsis. When looking at neurodevelopmental outcome of these infants 
at two years corrected age using Bayley Scales of Infant and Toddler Development (BSID-II), 
version II, no adverse development was demonstrated compared to the general population.
Another hypothesis of the pathogenesis of adverse outcome after late-onset sepsis is the 
release of inflammatory mediators like interleukines, which can induce and increase 
cerebral damage, particularly in the white matter.7, 8 The adverse long term effects of 
sepsis are linked to the development of white matter injury.9, 10 With cerebral ultrasound 
serial imaging can be performed and used to observe changes in the white matter. Chapter 
5 describes the cerebral ultrasound findings in a study population with (suspicion of) 
late-onset sepsis. We found no differences in major brain abnormalities, e.g. large intra-
ventricular hemorrhage, post-hemorrhagic ventricular dilatation or periventricular 
leukomalacia over grade I. Mild white matter abnormalities were present in one third of all 
patients, irrespective the presence of a late-onset sepsis. The main causal micro-organism 
found in this cohort was CoNS. Possibly, the effect of late-onset sepsis by CoNS detected 
by cerebral ultrasound is less detrimental.
For the analysis of neurodevelopment, several diagnostic tools are available to evaluate 
the development at various postnatal ages. During infancy neurodevelopment is mostly 
based on evaluating milestones in motor development. The Alberta Infant Motor Scale 
(AIMS) is a tool evaluating gross skills development in the first year of life (from term to 
independent walking). In our cohort at six months corrected age a difference in favor of the 
sepsis group was found. However, later follow-up at twelve months corrected age revealed 
aberrant neurodevelopment, suggesting that late-onset sepsis nevertheless might be a factor 
in the development of gross motor developmental delay. Also, in a subgroup of infants 
who experienced necrotizing enterocolitis lower neurodevelopmental scores were found. 
Another tool is BSID-II (12 to 30 months). This tool enables a more detailed report of 
neurodevelopment, both on cognitive and motor development. Using this more detailed 
neurodevelopment assesment to compare patients with and without proven infection, no 
significant differences in cognitive, motor and behavioural scores of lexi quotient were 
shown. In this cohort CoNS were responsible for 55% of the episodes. A possible explanation 
might be that CoNS infections have a relatively mild clinical course and thereby might have 
less detrimental effect on the developing preterm brain. This was also demonstrated in 
sub-analyses comparing the infants experiencing CoNS sepsis versus other causal agents. 
Cognitive outcome scores were significantly higher in the former group. However, in 
literature contradictory findings on long term neurodevelopmental outcome in infants 
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with late-onset sepsis with CoNS have been reported.11, 12 The pathophysiology and impact 
of late-onset sepsis on the neonatal brain has by far not been elucidated yet.
Future perspectives
Many aspects of neonatal risk factors are still unknown and thereby the impact on long 
term outcome of these infants. The effect of intra-uterine inflammation has been subject of 
several studies. But what role do inflammatory mediators have on the developing neonatal 
brain during postnatal sepsis? Moreover, are the effects different in term compared to 
preterm born infants? In the perspective of the rapidly developing brain during gestation, 
one can imagine these inflammatory mediators may interfere with normal development 
of the brain.
Several studies have been performed in animal models. The effect of intrauterine lipopoly-
saccharides, induced by maternal inflammation, on white matter injury and microglial 
activation in cerebral white matter tracts with cerebellar injury has been shown in foetal 
rhesus macaques and neonatal rabbits.13, 14 Systemic inflammation in preterm born infants 
activates a cascade of pro-inflammatory cytokines, which in turn leads to activation of 
microglia in combination with free radical formation inducing maturation dependent cell 
death and apoptosis of neural cells.15 Cytokines which may have this effect are IL-6, IL-1β 
and TNF-α. The possible detrimental effects of IL-6 and IL-1β have already been reported 
two decades ago.16 The effects of cytokines could be mediated by cyclooxygenases (COX’s) 
located in the blood brain barrier. COX’s are stimulated in inflammatory processes in brain 
tissue and COX-1 and COX-2 may have a role in microglial activation. On the other hand, 
COX-2 activity seems to mediate neuroprotection via specific anti-inflammatory lipid 
mediators as well.17 This dual role of inflammatory mediators has still not been elucidated.
Also genetic factors may play a role in the development of neurological sequelae in preterm 
infants. For instance, why does periventricular leukomalacia (PVL) develops only in a small 
proportion of the admitted infants while most of them experience the same risk factors 
during hospitalization? Recent studies did find a relation in children with cerebral palsy 
and de novo genomic copy-number variations.18
It is thought, the intrauterine environment might influence and change epigenetic gene 
regulation. Intra-uterine inflammation itself is associated with postnatal inflammatory 
response due to epigenetic modifications in Toll like receptors (TLR). TLRs are key elements 
in the innate immune response.19 This might induce inflammation, impair the immune 
system and cause pathologic conditions in the preterm infant.20 In recent years TLRs become 
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more and more subject of interest. As mentioned, TLRs are pattern recognitions receptors 
with a key role in the innate immune response. They are activated by pathogen-associated 
molecular patterns on the surface of bacteria and viruses, leading to the activation of genes 
encoding pro-inflammatory factors. 
The effects of epigenetic- and immunomodulatory factors and their role during postnatal 
sepsis are still subject of research. This might elucidate the pathophysiology of white matter 
injury, and hopefully provides possibilities to prevent this white matter injury in the future.
As mentioned before, the neuro-ontogenetic process is a continuing process throughout 
gestation. Functional networks change enormously during development. One could imagine 
this development can be influenced by hazardous events during NICU hospitalization. 
A relation between disturbance in network formation and neuropsychiatric disorders 
have been reported.21 To investigate cerebral networks, the measurement of functional 
cerebral connectivity by electroencephalography can be used to detect differences in 
cerebral network organizations. Most research has been performed in adults,22, 23 but also 
some studies have been performed in children.24 Although not yet frequently used in the 
newborn, the first studies have already shown changes in this functional network with 
increasing maturation.25-27 It would be of interest to investigate whether this functional 
network develops differently in infants born preterm in comparison to term born infants 
and if late-onset sepsis alters the development of the functional network in these infants.
Cerebral imaging offers great opportunities to study the brain in great detail. For example, 
cerebral tractography might provide indirect information on cerebral white matter tracts. 
Previous studies demonstrated acute network injury in (term born) infants with neonatal 
stroke.28 Also in preterm infants tractography has proven its potential to estimate the 
integrity of the neonatal brain.29 The combination of imaging of cerebral tracts on MRI and 
functional network connectivity examinations by EEG might provide more comprehension 
about the developing brain.
Final conclusions
In this thesis possible predictors for long term neurodevelopmental outcome were studied. 
Of course our selection of risk factors is limited and several other factors may play a role 
in the pathophysiologic processes leading to an adverse outcome in newborn infants, both 
term and preterm. Further research should elucidate the underlying processes to understand 
the aberrant development of the neonatal brain, and hopefully provide possibilities to 
intervene and prevent the detrimental effects of adverse events in the neonatal period. 
General discussion and future perspectives
107
8
This can include both pathophysiological pathways in terms of release of inflammatory 
mediators, as well as vital parameters like cerebral oxygenation measured by NIRS.
Another challenge is a reliable prediction of long term outcome. Many modalities 
are available already, but new modalities like functional network measurements and 
tractography may possibly allow us to gain insight in the development and function of 
the brain. Hopefully with this additional functional information, in the near future we can 
acquire a more thorough insight in the vulnerable newborn brain.
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In this thesis several predictors for neurodevelopmental outcome in term and preterm 
infants were studied. These predictors may occur during birth, but also in the postnatal 
period.
Chapter 1 provides information about the neuro-ontogenesis of the human brain. Through-
out gestation the brain develops rapidly, thereby opposing a risk of aberrant development 
when unexpected events occur. Several modalities to gain insight in adverse effects of these 
events and implications on long term outcome have been described.
The aim and outline of this thesis are discussed.
Part 1: Perinatal predictors
Chapter 2 describes the effect of acute neonatal anaemia on MRI findings in the neonatal 
period and the neurodevelopmental outcome. A distinction has been made between 
newborns who encountered mainly acute anaemia versus newborns experiencing perinatal 
asphyxia as well. This study shows that severe neonatal anaemia is associated with high 
neonatal morbidity and mortality. White matter damage was the main pattern of brain 
injury found on cerebral MRI imaging. However, it is difficult to distinguish between 
the effects of neonatal anaemia only and of perinatal asphyxia, which was present in this 
cohort as well.
Chapter 3 addresses the differences in long term neurodevelopmental outcome at four 
years of age in children who suffered from perinatal asphyxia using the Ages and Stages 
Questionnaire. Children treated with therapeutic hypothermia were compared to children 
who did not receive therapeutic hypothermia. The overall mean scores did not differ 
significantly between the groups. However, the normothermic group scores were more 
frequently below -2 SD, compared to the hypothermic group.
Part 2: Postnatal predictors
In this part several modalities to predict outcome are described. This part covers a cohort 
of preterm infants with a gestational age <32 weeks and/or <1500 grams suspected of 
late-onset sepsis.
In chapter 4 a pilot study has been performed to investigate the effects of late-onset 
sepsis during the first 72 hours after onset, on cerebral oxygenation using Near InfraRed 
Summary
113
Spectroscopy (NIRS). In this cohort, late-onset sepsis was mainly caused by coagulase 
negative staphylococci (CoNS). No association was found between the occurrence of late-
onset sepsis and aberrant NIRS values. Moreover, those with a late-onset sepsis showed no 
impaired neurodevelopmental outcome at the corrected age of two years.  
In chapter 5 the findings on subsequent cerebral ultrasound imaging during late-onset 
sepsis are reported. In this cohort no differences in major brain abnormalities were found. 
Moreover, two third of the proven infections were caused by CoNS. Only three out of 
66 infants showed major abnormalities on cerebral ultrasound, which might suggest a 
minor role on at least the short term effects of late-onset sepsis caused by CoNS. In two 
of the twelve patients infected with Staphylococcus Aureus, cerebral ultrasound showed 
abnormalities in the thalamus.
Chapter 6 addresses early motor outcome of this cohort using Alberta Infant Motor Scale 
(AIMS). A significant difference was found between the groups with and without late-
onset sepsis in favor of the sepsis group. Deterioration in the AIMS score at twelve months 
corrected age compared to the scores at six months corrected age were found in the late-
onset sepsis group. This finding might indicate that late-onset sepsis might be a factor 
in development of gross motor developmental delay. In subgroup analyses at six months 
corrected age a trend to lower AIMS was found in patients with necrotizing enterocolitis 
compared to those without necrotizing enterocolitis.
Chapter 7 describes the neurodevelopmental outcome of this cohort at two years corrected 
age using the Bayley’s Scales of Infant Development (BSID), version II. At two years 
corrected age no differences in neurodevelopmental outcome were observed between the 
proven late-onset sepsis group versus no proven sepsis group. Preterm infants encountering 
late-onset sepsis by CoNS in comparison to other causal infectious agents show a better 
cognitive outcome as tested by BSID version II. 
Chapter 8 summarizes the findings of this thesis and discusses future perspectives to 
gain more insight in the pathophysiology of adverse events during birth and in the 
postnatal period. Also new modalities are discussed, which might provide information 
of expected neurodevelopmental outcome and thereby could be helpful to predict long 







In dit proefschrift worden gebeurtenissen bestudeerd die van invloed zouden kunnen 
zijn op de neurologische ontwikkeling in prematuur en à terme geboren kinderen. Deze 
gebeurtenissen kunnen voorspellers zijn en kunnen zich voordoen rondom de geboorte, 
maar ook later in de postnatale periode.
Hoofdstuk 1 beschrijft de neuro-ontogenese van de neonatale hersenen. Gedurende de 
zwangerschap ontwikkelen de hersenen zich snel. Zodoende ontstaat het risico op een 
afwijkende ontwikkeling wanneer onverwachte gebeurtenissen zich voordoen. Verschil-
lende modaliteiten om inzicht te verwerven in de negatieve effecten van gebeurtenissen 
en de implicaties op de lange termijn psychomotore ontwikkeling worden beschreven.
Het doel en de inhoud van dit proefschrift wordt in dit hoofdstuk besproken.
Deel 1: Perinatale voorspellers
Hoofdstuk 2 beschrijft de effecten van acute neonatale anemie op het patroon van neonatale 
hersenschade, aan de hand van MRI beelden van de hersenen in relatie tot de psychomotore 
ontwikkeling. We hebben een onderscheid gemaakt tussen pasgeborenen die voornamelijk 
de gevolgen van acute anemie hadden doorgemaakt en pasgeborenen die tevens een 
perinatale asfyxie hadden doorgemaakt. Deze studie laat zien dat ernstige neonatale anemie 
is geassocieerd met hoge neonatale morbiditeit en mortaliteit. Het meest voorkomende 
patroon van hersenschade gevonden op cerebrale MRI was witte stof schade. Echter, het 
is niet goed mogelijk te differentiëren tussen het effect van neonatale anemie alleen en 
bijkomende effecten van perinatale asfyxie, die bij deze kinderen ook zeker een rol speelde.
Hoofdstuk 3 adresseert de verschillen tussen kinderen die behandeld waren met thera-
peutische hypothermie versus kinderen zonder therapeutische hypothermie. De lange 
termijn psychomotore uitkomst werd op de leeftijd van vier jaar onderzocht gebruikmakend 
van de Ages and Stages Questionnaire. De totale gemiddelde score van de groep kinderen 
met en zonder therapeutische hypothermie waren niet verschillend. Echter, in de 
normothermie groep waren de scores vaker onder de -2 standaard deviatie in vergelijking 
middels de met hypothermie behandelde groep. Met andere woorden de kinderen die niet 




Deel 2: Postnatale voorspellers
In dit deel van het proefschrift worden verschillende modaliteiten beschreven om de (lange 
termijn) uitkomst te voorspellen. Dit deel beschrijft een cohort van prematuur geboren 
kinderen met een zwangerschapsduur van minder dan 32 weken en/of een geboortegewicht 
lager dan 1500 gram die verdacht worden van sepsis meer dan 72 uur na geboorte (late-
onset sepsis). 
In hoofdstuk 4 werd een pilotstudie verricht waarin gedurende de eerste 72 uur na het stellen 
van de diagnose late-onset sepsis de effecten van deze sepsis op de cerebrale oxygenatie 
middels Near InfraRed Spectroscopy (NIRS) werden bestudeerd. In dit cohort werd de late-
onset sepsis voornamelijk veroorzaakt door coagulase negatieve staphylococcen (CNS). Er 
werd geen associatie gevonden tussen het doormaken van een sepsis en afwijkende NIRS 
waarden. Bovendien werd bij hen geen afwijkende neurologische ontwikkeling aangetoond 
op de gecorrigeerde leeftijd van twee jaar.
In hoofdstuk 5 worden de bevindingen van herhaaldelijk echografisch onderzoek van de 
hersenen ten tijde van late-onset sepsis beschreven. In dit cohort werden geen verschillen in 
grote hersenafwijkingen gevonden. In twee derde van de bewezen infecties werd de sepsis 
veroorzaakt door CNS. Slechts drie van de 66 kinderen met een CNS sepsis toonden grote 
afwijkingen bij echografisch onderzoek van de hersenen, hetgeen zou kunnen suggereren 
dat er slechts een geringe rol is weggelegd voor tenminste de korte termijn effecten van 
een CNS sepsis. Bij twee van de twaalf kinderen met een Staphylococcus Aureus sepsis 
werden echografische afwijkingen in de thalamus gevonden.
Hoofdstuk 6 beschrijft de vroeg motorische uitkomst van dit cohort, onderzocht met de 
Alberta Infant Motor Scale (AIMS). Op de leeftijd van zes maanden werd er een verschil 
aangetoond tussen de groepen met en zonder late-onset sepsis in het voordeel van de 
kinderen die een sepsis hadden doorgemaakt. Echter op de leeftijd van twaalf maanden 
werd er in de sepsis groep een verslechtering van de AIMS-scores gezien. Mogelijk geeft deze 
bevinding aan dat late-onset sepsis een rol speelt in de latere grof-motorische ontwikkeling. 
In een subgroep analyse van kinderen met necrotiserende enterocolitis werd er op de 
gecorrigeerde leeftijd van zes maanden een trend in lagere AIMS scores aangetoond ten 
opzichte van kinderen die geen necrotiserende enterocolitis ontwikkelden.
Hoofdstuk 7 beschrijft de psychomotore ontwikkeling van dit cohort op de gecorrigeerde 
leeftijd van twee jaar, waarbij de ontwikkeling werd bestudeerd middels de Bayley Scales 
of Infant Development (BSID), versie II. Op de gecorrigeerde leeftijd van twee jaar werden 
geen verschillen aangetoond in de psychomotore ontwikkeling tussen de groep met een 
bewezen late-onset sepsis en de groep zonder een bewezen infectie. Prematuur geboren 
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kinderen die een late-onset sepsis doormaakten veroorzaakt door CNS lieten met de BSID 
versie II test een betere cognitieve ontwikkeling zien in vergelijking met kinderen die een 
sepsis met een andere verwekker doormaakten.
Hoofdstuk 8 vat de bevindingen van dit proefschrift samen en bespreekt mogelijkheden om 
in de toekomst meer inzicht te krijgen in de pathofysiologie van gebeurtenissen rondom 
de geboorte en in de postnatale periode. Ook worden nieuwe modaliteiten besproken, die 
informatie zouden kunnen geven over de te verwachten psychomotore ontwikkeling. Dit 
zou behulpzaam kunnen zijn in het voorspellen van lange termijn neurologische uitkomsten 







ADC Apparent diffusion coefficient
AED Anti-epileptic drugs
aEEG Amplitude integrated electroencephalography
AIMS Alberta Infant Motor Scale
AS Apgar score
ASQ Ages and Stages Questionnaire
BGT Basal ganglia and thalami
BPD Bronchopulmonary dysplasia
BS Burst suppression
BSID  Bayley Scales of Infant and toddler Development
BSID-II Bayley Scales of Infant and toddler Development, second version
BSID-III Bayley Scales of Infant and toddler Development, third version




CBCL Child Behavior Checklist
cFTOE Cerebral fractional tissue oxygen extraction
CNV Continuous normal voltage
Com Communication score
CoNS Coagulase negative staphylococcus
COX Cyclooxygenase
CP Cerebral palsy
CRIB Clinical risk index for babies
CRP C-reactive protein
DNV Discontinuous normal voltage





FM Fine motor skills
FT Flat trace 
GA Gestational age
GBS Group B streptococcus
GM Gross motor skills




HELLP Hemolysis elevated liver enzymes and low platelets
HS-PDA Hemodynamic significant ductus arteriosus
HT Hypothermia
IC  Internal capsule
IL Interleukin
IVH Intraventricular hemorrhage
LDQ Locomotor developmental index
LOS Late-onset sepsis
M Male
MDI Mental developmental index
MRI Magnetic resonance imaging
NA No abnormalities
NEC Necrotizing enterocolitis
NICU Neonatal intensive care unit
NIRS Near infrared spectroscopy
NP  Not performed
PCR Polymerase chain reaction
PHVD Post hemorrhagic ventricular dilatation
PDA Patent ductus arteriosus
PDI Psychomotor developmental index
PDQ Performance developmental index
PE Psycho-emotional
PS Problem solving 
Pt Patient
PVL Periventricular leukomalacia
PWML Punctate white matter lesions
RDS Respiratory distress syndrome
rScO2 Regional cerebral oxygen saturation
S Stroke
SaO2 Arterial oxygen saturation
SD Standard deviation
TLR Toll like receptor
TNF Tumor necrosis factor
UC pH Umbilical cord pH
WM White matter
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Geen proefschrift wordt door een promovendus alleen geschreven. Daar zit een heel 
netwerk aan personen omheen dat dat mogelijk heeft gemaakt en ik ben hen daar heel 
dankbaar voor. Ik zal nooit volledig zijn in dit dankwoord, maar een aantal van hen zou 
ik graag bij naam willen noemen.
Een onderzoek is niet mogelijk zonder onderzoekspopulatie. Als eerste wil ik de kinderen 
en ouders bedanken die het mogelijk hebben gemaakt om gegevens te verzamelen. Erg 
dankbaar ben ik hen dat zij bereid waren vragenlijsten in te vullen en om aanvullende 
onderzoeken te ondergaan, die ons daarmee de mogelijkheid gaven onze kennis met 
betrekking tot de neonatale neurologie te verbeteren. Uiteindelijk gaat het er natuurlijk 
om hoe wij de beste zorg aan deze kwetsbare groep patiënten kunnen leveren. 
Lijkt een promovendus doorgaans met één hoogleraar dit traject te mogen doorlopen; ik 
had het voorrecht om drie begeleiders aan mijn zijde te mogen hebben: prof. dr. Harrie N. 
Lafeber, prof. dr. Mirjam M. van Weissenbruch en prof. dr. R. Jeroen Vermeulen. Graag 
wil ik hen hiervoor bedanken.
Uit zijn enorme onderzoeks- en praktijkervaring puttend heeft Harrie mij steeds een hart 
onder de riem weten te steken. Ik heb dit enorm gewaardeerd. Zijn woorden: “We gaan dit 
met zijn allen tot een goed einde brengen” zijn uitgekomen. Ook na zijn emeritaat heeft 
hij deze belofte waar gemaakt. Dank, Harrie!
Kansen om mij te kunnen profileren in de neonatale neurologie zijn mij volop geboden door 
Mirjam. Onder haar leiding heb ik aan kunnen sluiten bij de door haar opgezette Infant 
studie. Voor dit proefschrift kon een extra dimensie aan de studie worden toegevoegd door 
middel van beeldvorming en NIRS registratie, waardoor deze groep kwetsbare kinderen 
beter in kaart kon worden gebracht. Dank je wel hiervoor.
Ondanks dat Jeroen enkele jaren geleden richting het mooie zuiden is vertrokken om daar 
een fantastische stap in zijn carrière te kunnen maken, heeft hij mij op afstand steeds weer 
op weg geholpen. Telefonisch, per mail of tijdens symposia of congressen: steeds was er 
wel een momentje waarin ik je hulp kon vragen zodat ik weer verder kon. Heel fijn dat ik 
daar altijd op kon rekenen, dank!
FBI is ook een term die in dit proefschrift genoemd moet worden. De Fetal Brain Imaging 
Study is nog in volle gang met de dataverwerking en is daardoor niet in dit proefschrift 
opgenomen. Echter heeft mij dit ook gevormd in het wetenschappelijke denken en vooral 
de logistieke uitdagingen hierbij. Bij deze studie horen de namen van (bijna dr.) Bloeme 
van der Knoop en prof. dr. Hanneke de Vries. Dank jullie wel voor de fijne samenwerking. 
Bloeme, jou wil ik in het bijzonder noemen. Wij gingen gelijk op in ons promotietraject. 
Dankwoord
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Het voelt nog steeds dat wij samen ons doel hebben bereikt met pieken en met dalen: we 
hebben toch maar mooi onze boekjes in onze handen! 
Geen onderzoek zonder de steun en medewerking van je collegae: Frank, Céleste, Sintha, 
Sandra, Rogier, Chris, Helen, Maurike, Tessa en Loubna. Dank dat jullie mij de tijd hebben 
geboden om dit proefschrift af te ronden. Anton, dank voor je steun op het moment dat 
ik die erg hard nodig had. Ook de collegae die in de voorbijgaande jaren geholpen hebben 
met het includeren van de studie: Ruurd, Sinno, Sophie, Karin, Lotje, Douwe, Machteld, 
en alle arts-assistenten die in jaren geholpen hebben, dank jullie wel!
Een extra bedankje ook voor mijn paranimfen. Sandra, jij hebt me erdoor gesleept. Daar 
ben ik je heel dankbaar voor. Soms als bliksemafleider, soms als klankbord. Voor mij 
onmisbaar gebleken om dit tot een goed einde te brengen. Ditzelfde geldt ook voor Rogier. 
Sinds je komst naar de VU, heb je me steeds weten te motiveren om toch maar door te 
gaan en me geholpen een aantal hobbels op mijn pad te kunnen nemen.
Lieve mensen, ik ben nog zeker niet volledig geweest en heb zeker niet de illusie dat ik 
iedereen persoonlijk zal kunnen noemen. Daarom, voor iedereen die ik nog niet bij naam 
heb genoemd, maar die wel heeft gezorgd voor de nodige gezelligheid zowel op het werk 
als in de privésfeer (in de zin van kopjes koffie, borrels en etentjes): dank jullie wel. Alle 
verpleegkundigen, zorgeenheid-assistenten, MAMKA’s, consulenten, maar ook mijn 
familie en vrienden. Zeker ook de buren niet te vergeten: Daan, nu kunnen we echt die 
brandstapel gaan maken!
In het bijzonder wil ik ook mijn ouders bedanken. Papa en mama dank jullie wel voor alle 
steun. Jullie hebben mij geleerd om het positieve van alles in te blijven zien, ook al gaat het 
niet altijd zoals je het graag zou willen. Erin blijven geloven, doorzetten en hard werken 
brengt je daar waar je graag naartoe wilt.
Ja, veel mensen zijn de revue al gepasseerd in dit dankwoord. Echter de belangrijksten nog 
niet. Dat zijn de mensen van het thuisfront. Lieve Thijs en Jasper, jullie nooit uitputtende 
energie werkt aanstekelijk (maar kan ook wel vermoeiend zijn hoor ;-)). Dat maakt ook 
dat het aan het einde van de dag erg aantrekkelijk is lekker op de bank neer te ploffen. 
Nu dit proefschrift is afgerond, hebben we hier ook weer alle tijd voor! En natuurlijk ook 
Remco. Lieve Remco, jij kunt dingen veel beter relativeren dan ik. Soms moet je dingen 
op zijn beloop laten en komt het uiteindelijk allemaal goed. Je druk maken over iets waar 
je geen invloed op hebt, heeft niet veel zin. Dit ga ik heel goed proberen te onthouden!
Kijkend op de voorbije jaren, is het niet altijd gemakkelijk geweest, maar dankzij jullie 
allemaal heb ik dit proefschrift tot een goed einde gebracht! Dank hiervoor!

